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Abstract 

The development of information and communication technology also provides convenience and 
practicality in the world of education. In this paper, an alternative solution is presented for the discussion 
of energy band material in Body Centered Cubic (BCC) based on tight binding in distance material 
physics lectures. These activities take advantage of technology assistance in the form of spreadsheet 
software. Spreadsheet software is used in this research because it is a computational software that can 
visualize a graphic according to user commands. The use of spreadsheets is also due to being one of the 
computational programs that are easy to access, operate, and often used by students, especially during the 
current conditions affected by the Covid-19 pandemic. This research presents a simple way for students to 
visualize the energy band from BCC through the spreadsheet assistance. This visualization of the energy 
bands in BCC begins by describing the appropriate mathematical equation. Next, visualize the 
mathematical equation in graphical form with the spreadsheet assistance. This visualization activity can 
also be applied to students in material physics courses to help students understand the various 
characteristics of solids that have the form of BCC in everyday life. Distance material physics lectures 
that implement the visualization process can increase student creativity to visualize various forms of 
energy bands of each solid substance present. 

Keywords: Body centered cubic, Distance lectures, Energy band, Spreadsheets, Visualizations 
 
 
Introduction 

Physics is a part of natural science that seeks to study the physical phenomena of a natural 
phenomenon that is so dynamic with the mathematical equation’s assistance. Mathematical equations 
serve as a language to translate physical symptoms of a natural phenomenon that occurs in everyday life. 
Physics itself studies all-natural phenomena and their characteristics that occur using the mathematical 
equations assistance [1]. Meanwhile, material physics is a branch of physics that studies the 
characteristics of the material from the microscopic to the macroscopic scope that is beneficial to human 
life [2]. This certainly can spur material physics lecturers to further optimize the understanding and 
application of material physics concepts to their students in an easy, practical, varied and innovative way. 
In terms of optimizing the understanding and application of material physics concepts to students, a 
supporting medium in the form of graphic computation software is needed that can visualize abstract 
material physics concepts that are easily understood by students [3,4]. However, material physics 
lecturers also need to provide opportunities for students to visualize abstract material physics concepts 
into other more interesting forms, such as simulated images or videos. 

Furthermore, material physics lecture activities are more optimal if students can be directly involved 
in the implementation of the material physics theory they have received during lectures [5]. The activities 
of implementing material physics theory that students have received during lectures can be done 
anywhere and anytime, not necessarily in the laboratory. This can also be done by utilizing existing 
resources such as computers to visualize material physics theory in graphical form [6,7]. Of course, these 
activities can be carried out distance considering the current world conditions which are experiencing the 
Covid-19 pandemic. Distance material physics lectures filled with activities to visualize material physics 
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theory in the form of graphics can improve concept understanding [8] and student creativity [9]. This is 
because students explore the mathematical equations of a material physics concept in detail so that they 
can visualize the concept in a graphic. Student creativity can grow because they can represent material 
physics concepts in graphical form through a variety of software. Meanwhile, one of the software that can 
be used anytime and anywhere to visualize physics concepts into images or graphics is a spreadsheet 
[10,11]. 

Spreadsheet software is built-in software like Microsoft Excel that is pre-installed on a computer. Of 
course, this spreadsheet can be used by anyone, anytime, and anywhere without an internet network to 
assistance visualize material physics concepts in graphical form [12,13]. Therefore, the spreadsheet 
software can be used to support the implementation of distance material physics courses. Instead of 
visualizing material physics concepts directly in the laboratory, students can visualize them on a personal 
computer with the spreadsheet assistance. Spreadsheets are generally graphical computing software that is 
easily accessible and operated by every user because they do not require complex programming 
languages [14,15]. Thus, spreadsheet software has been widely used to assist human activities in various 
sectors, one of which is the research and physics education sector. 

The implementation of spreadsheets in the physics research sector can support the process of data 
analysis and visualization of research data in a more interactive graphical. The implementation of 
spreadsheets in physics education can support simple visualization constructs of each physics equation 
[16]. Meanwhile, the implementation of spreadsheets in physics education, especially in material physics 
lectures, also has a positive impact on students' abilities. This is due to spreadsheets that are easy to 
operate so that the integration of spreadsheets in material physics courses attracts more students to take 
part in these lectures [17]. Furthermore, several findings reveal the application of spreadsheet software in 
materials physics courses. Spreadsheet software has been used to describe electron interactions based on 
the tight-binding model in DNA formation [18,19]. Simulation of axial and planar ion channels in 
polycrystalline solids constructed using a spreadsheet [20]. The paths of charged particles in electric and 
magnetic fields can also be visualized using an Excel spreadsheet [21]. 

Although spreadsheet software has been implemented in introductory courses in material physics, 
the implementation of spreadsheets on advanced material physics topics such as energy bands in body 
centered cubic (BCC) based on the tight binding is still rare. This can occur because the translation of the 
mathematical equation for tight binding-based BCC energy bands is much more complex than the 
mathematical equations for other introductory concepts of material physics [22]. Through the 
visualization of mathematical equations about the BCC energy band with this spreadsheet assistance, 
students can be helped in describing and understanding complex equations. The implementation of 
spreadsheets in material physics courses also has a positive impact on students' mathematical abilities and 
creative thinking [23,24]. Thus, in this article, researcher present the use of graphic computing software in 
the form of a spreadsheet to visualize tight binding-based BCC energy bands. This visualization activity 
is expected to be an alternative solution for the implementation of distance material physics lectures 
during the Covid-19 pandemic. 
 
Theory 

The microscopic study of solids can determine the energy level of electrons and wave function in a 
solid or crystal system [25,26]. These studies can be useful in estimating the characteristics of each 
crystal in nature. One of the methods used to determine the characteristics of a crystal is by applying the 
Schrodinger equation solution to the interaction of electrons and ions in the crystal [27,28]. Apart from 
these methods, the tight-binding method is another simple method that can estimate the characteristics of 
crystals such as those that makeup semiconductors. The method of tight binding is generally based on the 
concept that a group of isolated atoms slowly fuses to form a crystal [29,30]. This method reveals that the 
crystal potential is interpreted as the number of identical atomic potentials and that the orbitals of each 
atom are identical. Therefore, the solution to the tight bond method uses a crystal wave function 
approximation. The crystal wave function is a linear combination of atomic orbitals and only valence 
electrons are referred to [31]. The crystal wave function used in this method obeys Bloch's theorem.  

The study of the electron energy levels in a crystal based on the tight-binding method is carried out 
by considering 1 electron per atom. An electron is assumed to be in the “s” state in motion due to the 
influence of the crystal potential 𝑈 (𝑟) of the isolated atom whose wave function is 𝜙 (𝑟). This indicates 
that the influence of the other crystal atoms is small. Therefore, the crystal wave function can be written 
as Eq. (1) below. 
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𝜓𝑘�⃗ (𝑟) = ∑ 𝐶𝑘�⃗ 𝑗𝜙�𝑟 − 𝑟𝑗�     𝑗                                                                                                                                (1) 
 
 Eq. (1) shows that the sigma portion is the sum of all 𝑁 lattices at the lattice point 𝑟𝑗, 𝑟 is the 
position of the atom under consideration, and 𝑟𝑗 is the position of all the atoms. If the coefficient of 
expansion 𝐶𝑘�⃗ 𝑗  is assumed to have a plane waveform, then the coefficient of expansion 𝐶𝑘�⃗ 𝑗  can be written 
as Eq. (2) below. 
 
𝐶𝑘�⃗ 𝑗 = 1

√𝑁
𝑒𝑖𝑘�⃗ ∙𝑟𝑗                                                                                                                                                                 (2)     

 
 Eq. (1) can also be written as Eq. (3) below, but first, it with Eq. (2).  
 
𝜓𝑘�⃗ (𝑟) = 1

√𝑁
∑ 𝑒�𝑖𝑘�⃗ ∙𝑟𝑗�𝜙�𝑟 − 𝑟𝑗�𝑗                                                                                                                        (3) 

 
Eq. (3) is a form of Bloch's theorem [32]. It is assumed that the atom of a crystal moves from 1 

lattice point to another �𝑟 ⟶ 𝑟 + 𝑇�⃗ �, so that the equation can be shown as in Eq. (4) below. 
 

𝜓𝑘�⃗ �𝑟 + 𝑇�⃗ � = 𝑒𝑖𝑘�⃗ ∙𝑇�⃗ 𝜓𝑘�⃗ (𝑟)                                                                                                                                          (4) 
 
 Meanwhile, Eq. (3) can be written into other equations as shown in Eq. (5) by applying Dirac 
notation [33].  
 
�𝑘�⃗ > = 1

√𝑁
∑ 𝑒𝑖𝑘�⃗ ∙𝑟𝑗|𝑗)𝑗                                                                                                                                                  (5) 

 
where �𝑘�⃗ > = 𝜓𝑘�⃗ (𝑟) denotes the normalized crystal wave function and |𝑗) = �𝜙𝑗) denotes the basic 
function of 𝜙�𝑟 − 𝑟𝑗�. The tight-binding method can also be used to find the first-order energy bands of a 
crystal. The step is to calculate the diagonal matrix elements using the Hamiltonian operator as shown in 
Eq. (6) below. 
 
�𝑘�⃗ �𝐻��𝑘�⃗ � = 1

𝑁
∑ ∑ 𝑒𝑖𝑘�⃗ ∙�𝑟𝑗−𝑟𝑚�𝑚 �𝑚�𝐻��𝑗�𝑗                                                                                                                 (6) 

 
 Based on Eq. (6), the element �𝑚�𝐻��𝑗� can be translated into Eq. (7) below. 
 
�𝑚�𝐻��𝑗� ≡ ∫𝑑𝑉 𝜙(𝑟 − 𝑟𝑚)𝐻�𝜙�𝑟 − 𝑟𝑗�                                                                                                               (7) 

 
Eq. (7) is the Hamiltonian volume integral equation between 2 basic functions, namely at the 𝑚 

and 𝑗 positions [34,35]. If the elements 𝑟𝑚 and 𝑟𝑗  Eqs. (6) - (7) are replaced by the approximation 𝜌⃗𝑚 ≡
𝑟𝑚 − 𝑟𝑗, then 𝜙(𝑟 − 𝑟𝑚) = 𝜙�𝑟 − 𝜌⃗𝑚 − 𝑟𝑗�. Therefore, the energy band equation for the first order atoms 
of a crystal which was originally shown in Eq. (6) changes to Eq. (8) below. 

 
�𝑘�⃗ �𝐻��𝑘�⃗ � = ∑ 𝑒−𝑖𝑘�⃗ ∙𝜌��⃗ 𝑚𝑚

1
𝑁
∑ ∫𝑑𝑉 𝜙�𝑟 − 𝜌⃗𝑚 − 𝑟𝑗�𝐻�𝜙�𝑟 − 𝜌⃗𝑗�𝑗                                                                  (8) 

 
where ∑ ∫𝑑𝑉𝜙�𝑟 − 𝜌⃗𝑚 − 𝑟𝑗�𝐻�𝜙�𝑟 − 𝜌⃗𝑗� = 𝑁∫𝑑𝑉𝜙(𝑟 − 𝜌⃗𝑚)𝐻�𝜙(𝑟)𝑗 , then the equation for the first-
order energy band of a crystal atom can be written more simply as shown in Eq. (9) below. This is done 
by substituting equation ∑ ∫𝑑𝑉𝜙�𝑟 − 𝜌⃗𝑚 − 𝑟𝑗�𝐻�𝜙�𝑟 − 𝜌⃗𝑗� = 𝑁∫𝑑𝑉𝜙(𝑟 − 𝜌⃗𝑚)𝐻�𝜙(𝑟)𝑗  into Eq. (8). 
 

�𝑘�⃗ �𝐻��𝑘�⃗ � = �𝑒−𝑖𝑘�⃗ ∙𝜌��⃗ 𝑚
𝑚

1
𝑁
��𝑑𝑉𝜙�𝑟 − 𝜌⃗𝑚 − 𝑟𝑗�𝐻�𝜙�𝑟 − 𝜌⃗𝑗�
𝑗

                                                                              

 

�𝑘�⃗ �𝐻��𝑘�⃗ � = �𝑒−𝑖𝑘�⃗ ∙𝜌��⃗ 𝑚
𝑚

1
𝑁
�𝑁�𝑑𝑉𝜙(𝑟 − 𝜌⃗𝑚)𝐻�𝜙(𝑟)�                                                                                              
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�𝑘�⃗ �𝐻��𝑘�⃗ � = �𝑒−𝑖𝑘�⃗ ∙𝜌��⃗ 𝑚
𝑚

��𝑑𝑉𝜙(𝑟 − 𝜌⃗𝑚)𝐻�𝜙(𝑟)�                                                                                                       

 
�𝑘�⃗ �𝐻��𝑘�⃗ � = ∑ 𝑒−𝑖𝑘�⃗ ∙𝜌��⃗ 𝑚𝑚 ∫𝑑𝑉 𝜙(𝑟 − 𝜌⃗𝑚)𝐻�𝜙(𝑟)                                                                                                 (9) 
 
 If all integrals are ignored except those related to the same atom (𝜌⃗𝑚=0 = 𝜌⃗0) and between the 
nearest neighbors (𝑛𝑛) the atoms associated with 𝜌⃗ ≡ 𝜌⃗𝑚, then Eq. (9) can be written into Eq. (10) below. 
 
�𝑘�⃗ �𝐻��𝑘�⃗ � = 𝑒−𝑖𝑘�⃗ ∙𝜌��⃗ 0 ∫ 𝑑𝑉 𝜙(𝑟 − 𝜌⃗0)𝐻�𝜙(𝑟)     + ∑ 𝑒−𝑖𝑘�⃗ ∙𝜌��⃗ 𝑚𝑚=𝑛𝑛 ∫ 𝑑𝑉 𝜙(𝑟 − 𝜌⃗)𝐻�𝜙(𝑟)                               (10) 

 
Eq. (10) can be simplified again by providing several approaches to each element of its arrangement 

which can be shown as in Eqs. (11) - (12) below. 
 

−∫𝑑𝑉𝜙(𝑟 − 𝜌⃗0)𝐻�𝜙(𝑟) ≡ 𝛼                                                                                                                                 (11) 
 
−∫𝑑𝑉𝜙(𝑟 − 𝜌⃗)𝐻�𝜙(𝑟) ≡ 𝛾                                                                                                                               (12) 
 
 Furthermore, by substituting Eqs. (11) - (12) and 𝜌⃗0 = 0 into equation (10), then the equation for 
the first-order energy band of a crystal atom can be shown as Eq. (13) below. 
 
�𝑘�⃗ �𝐻��𝑘�⃗ � = −𝛼 − 𝛾∑ 𝑒−𝑖𝑘�⃗ ∙𝜌��⃗ 𝑚𝑚=𝑛𝑛 ≡ 𝜀𝑘�⃗                                                                                                                (13) 
 
where 𝜀𝑘�⃗  denotes a single energy band and 𝛼 is the diagonal energy associated with each electron in the 
crystal atom. For 𝛾 is the energy of overlap or the energy of the jump due to connecting 1 atom position to 
another atomic position. 

Furthermore, in this article will visualize the energy bands for tight binder-based body centered 
cubic (BCC) crystals. Therefore, it should be noted that the crystal structure of BCC has 8 nearest 
neighbours associated with it which can be shown in Figure 1 below. Materials found in everyday life 
that have a BCC crystal structure include lithium, sodium, potassium, chromium, barium, vanadium, 
alpha-iron and tungsten. Materials that have a BCC crystal structure are usually tougher than tightly 
packed metals such as gold [36,37].  

 
 

 
 
Figure 1 The 8 nearest neighbours of the BCC crystal structure. 
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Based on Figure 1, it can be shown that the blue circle shows the position of the atom being studied 
and the red circle shows the 8 nearest atoms. Besides, 𝑎⃗ denotes the primitive lattice vector or the vector 
of displacement between atoms in terms of other atoms. In the case of BCC, 8 other atoms are the nearest 
neighbours of the atom under review [38]. The eight primitive lattice vectors in the BCC crystal, namely 
𝑎1����⃗ = 1

2
𝑎(𝑥� − 𝑦� + 𝑧̂),        𝑎2����⃗ = 1

2
𝑎(𝑥� + 𝑦� + 𝑧̂),      𝑎3����⃗ = 1

2
𝑎(𝑥� − 𝑦� − 𝑧̂),          𝑎4����⃗ = 1

2
𝑎(𝑥� + 𝑦� − 𝑧̂),                               

𝑎5����⃗ = 1
2
𝑎(−𝑥� − 𝑦� + 𝑧̂),    𝑎6����⃗ = 1

2
𝑎(−𝑥� + 𝑦� + 𝑧̂),   𝑎7����⃗ = 1

2
𝑎(−𝑥� − 𝑦� − 𝑧̂) and 𝑎8����⃗ = 1

2
𝑎(−𝑥� + 𝑦� − 𝑧̂).             

 
Based on the 8 primitive lattice vectors in the BCC crystal, there is an element 𝑎 which is the 

distance between the nearest neighbors. The 8 primitive lattice vectors can also be written in the 
approximation 𝜌⃗𝑚 with the displacement rate between the atoms in question and the other atoms of 1. 
Therefore, the primitive lattice vector in a BCC crystal can be written as  

 
𝜌⃗𝑚 = 𝑎

2
[(1,−1,1), (1,1,1), (1,−1,−1), (1,1,−1), (−1,−1,1), (−1,1,1), (−1,−1,−1), (−1,1,−1)].  

 
The primitive lattice vector in the BCC crystal is substituted into the element of Eq. (13), namely 

∑ 𝑒−𝑖𝑘�⃗ ∙𝜌��⃗ 𝑚𝑚 = 𝑛𝑛 , so that the following Eq. (14) is obtained. 
 

∑ 𝑒−𝑖𝑘�⃗ ∙𝜌��⃗ 𝑚𝑚=𝑛𝑛 = 8𝑐𝑜𝑠 �𝑘𝑥
�����⃗ 𝑎
2
� 𝑐𝑜𝑠 �𝑘𝑦

�����⃗ 𝑎
2
� 𝑐𝑜𝑠 �𝑘𝑧

����⃗ 𝑎
2
�                                                                                           (14) 

 
 Eq. (14) is substituted into Eq. (13) so that the first-order energy band equation of body centered 
cubic (BCC) crystal atom can be shown as in Eq. (15) below. 
 

𝜀𝑘�⃗ ,𝐵𝐶𝐶 = −𝛼 − 8𝛾𝑐𝑜𝑠 �𝑘𝑥
�����⃗ 𝑎
2
� 𝑐𝑜𝑠 �𝑘𝑦

�����⃗ 𝑎
2
� 𝑐𝑜𝑠 �𝑘𝑧

����⃗ 𝑎
2
�                                                                                            (15) 

 
 Next, substituting Eq. (15) into the equation 𝐸𝑘�⃗ = �𝜀𝑘�⃗ ,𝐵𝐶𝐶 + 𝛼�/(8𝛾), so that the BCC crystal 
atomic energy band equation is obtained which can be shown as in Eq. (16) below. 
 

𝐸𝑘�⃗ = −𝑐𝑜𝑠 �𝑘𝑥
�����⃗ 𝑎
2
� 𝑐𝑜𝑠 �𝑘𝑦

�����⃗ 𝑎
2
� 𝑐𝑜𝑠 �𝑘𝑧

����⃗ 𝑎
2
�                                                                                                                  (16) 

 
Materials and methods 

In this paper, the visualization of body centered cubic (BCC) crystal atomic energy bands are 
performed using spreadsheet software. Spreadsheet software is used in the visualization of BCC atomic 
energy bands because it is easy to operate without the need for complex programming languages [39,40]. 
Besides, the spreadsheet also has a graphic feature with a choice of surface contours so that it can be used 
to plot the visualization of BCC crystal atomic energy bands based on tight banding based on Eq. (16). In 
this visualization, the results of the calculation of the atomic energy band of BCC crystals are plotted on 
the 𝑥 and 𝑦 axes. The element 𝑘𝑥����⃗  is plotted on the 𝑥-axis and 𝑘𝑦����⃗  on the 𝑦-axis. Furthermore, the value of 
𝑎 can be changed from 1 to 100 with an interval of 1 and the element 𝑘𝑧����⃗ = 𝜋/(2𝑎). The limit used for the 
elements 𝑘𝑥����⃗  and 𝑘𝑦����⃗  are symbolized by 𝑞 whose value is between 𝑞 = +2𝜋/𝑎 to 𝑞 = −2𝜋/𝑎 with an 
interval of 0.1. Researcher e also add a spin button to the spreadsheet using developer options to change 
the value. This is done with the aim that the resulting BCC crystal atomic energy band visualization is 
more interactive. Meanwhile, the spreadsheet display used to visualize body centered cubic (BCC) energy 
bands based on tight binding can be shown in Figure 2 below.  
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Figure 2 The spreadsheet display in the visualization of BCC energy bands based on tight binding. The 
list of formulas used to calculate the tight binding-based BCC energy band can be shown in Table 1 
below. 
 
 
Table 1 The formula used in the spreadsheet for calculating the BCC energy band. 

Variable Cell Formula 

Element boundaries               
𝑘𝑥����⃗  and 𝑘𝑦����⃗  (𝑞) B2 =2*PI()/$B$7 

The nearest neighbor 
distance (𝑎) B7 Input data between (1:100) with intervals of 1 

Element 𝑘𝑧����⃗  D2 =PI()/(2*$B$7) 

Element 𝑘𝑥����⃗  on the 𝑥-axis J5-J131 Input data between (−𝑞: 𝑞) with intervals of 0.1 

Element 𝑘𝑦����⃗  on the 𝑦-axis K4-EG4 Input data between (−𝑞: 𝑞) with intervals of 0.1 

BCC energy band K5-EG131 =-COS($J5*$B$7/2)*COS(K$4*$B$7/2)*COS($D$2*$B$7/2) 
 
 
Results and discussion 

Visualization of body centered cubic energy bands 
In this article, a simple tight binding-based body centered cubic (BCC) energy band visualization is 

shown using a spreadsheet for various distances between the nearest neighbours (𝑎). The visualization of 
the energy band distribution in the BCC crystal for the nearest neighbour distance (𝑎 = 1, 2, 3, 4, 5) can 
be shown in Figure 3 below. 
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Figure 3 Distribution of energy bands in BCC crystals with 𝑎 = 1, 2, 3, 4, 5. 
 
 

Figure 3 shows the energy band distribution in the body centered cubic (BCC) crystal for 𝑎 =
1, 2, 3, 4, 5. Visualization of the energy band distribution for 𝑎 = 1 shows that the largest energy is in the 
edge, while the smallest energy is in the middle. Its energy band distribution consists of 4 half-full lobes. 
Meanwhile, for 𝑎 = 2, 3, 4, 5, the visualization of the energy band distribution is the same as for the 
visualization of the energy band distribution for 𝑎 = 1. The similarity in visualizing the distribution of 
energy bands from the five variations of the distance between the nearest atoms in the BCC crystal can be 
seen from the largest and smallest energy band intervals, which are in the intervals of 0.5 to 1 and −1 to 
−0.5, respectively. This shows that increasing the distance between the nearest atoms in the BCC crystal 
will not affect the energy band distribution. However, specifically the visualization of the energy band 
distribution for 𝑎 = 1, 2, 3, 4, 5 has a difference. The difference that arises from the visualization of the 
energy band distribution for the 5 variations of the distance between the nearest atoms in the BCC crystal 
is that the farther the distance between the nearest atoms or the greater the value of a or (𝑎 > 1), the 
visualization of the distribution of the energy band formed becomes stiffer or rough. The rough 
distribution of energy bands can be visualized on a spreadsheet with the appearance of a rhombic texture. 

Based on Figure 3, the order of visualization of the distribution of energy bands that is the heaviest 
to the most rigid or coarse is the visualization of the distribution of energy bands for 𝑎 = 1 is more subtle 
than the visualization of the energy band distribution for 𝑎 = 2. The visualization of the energy band 
distribution for 𝑎 = 2 is smoother than the visualization of the energy band distribution for 𝑎 = 3. The 
visualization of the energy band distribution for 𝑎 = 3 is smoother than the visualization of the energy 
band distribution for 𝑎 = 4. Meanwhile, the visualization of the energy band distribution for 𝑎 = 3 is 
smoother than the visualization of the energy band distribution for 𝑎 = 5. Based on Figure 3, the softest 
energy band distribution is the energy band distribution in the BCC crystal for 𝑎 = 1. Meanwhile, the 
distribution of the energy band that is the most rigid or coarse is the distribution of the energy band in the 
BCC crystal for 𝑎 = 5. This is due to variations in the tenth data on the distance between the nearest 
atoms in the spreadsheet software that affect the components in the calculation of the BCC digital energy 
band based on the tight-binding method. The components in the calculation of this energy band that is 
affected by changes in the value of a are the minimum and maximum limit values on the 𝑥 and 𝑦 axes, the 
values on the 𝑧-axis, and the resulting energy band distribution. If the 𝑎 value entered in the spreadsheet 
software gets bigger, the minimum and maximum limit values on the 𝑥 and 𝑦 axes, the values on the 𝑥 
and 𝑧-axis, and the number of energy bands produced will be smaller. Meanwhile, for 𝑎 > 5, the 
distribution of the energy bands visualized on the spreadsheet is getting rough or stiff. This is because the 
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element boundaries 𝑘𝑥����⃗  and 𝑘𝑦����⃗  are getting smaller and the element value 𝑘𝑧����⃗  is also getting smaller. This 
phenomenon can be shown in Figure 4 below. 

 
 

 
Figure 4 Distribution of energy bands on BCC crystals with 𝑎 = 6, 7, 8, 9, 10. 
 
 

Figure 4 illustrates the distribution of the energy bands in the BCC crystal with a large 𝑎. Based on 
Figure 4, it appears that the visualization of the energy band distribution in BCC crystals is getting stiffer 
or coarser and the energy is getting bigger. The greater the energy can be indicated by many coarse 
energy band distributions. Eq. (16) explains that the energy band size of the BCC crystal atoms is 
proportional to the distance between the nearest neighbour atoms (𝑎). When the distance between the 
nearest neighbour atoms (𝑎) gets bigger, the visualization of the energy band distribution will also be 
coarser or stiffer. However, when the distance between the nearest neighbours’ atoms (𝑎) gets smaller, 
the visualization on the energy band gets smoother. Besides, the visualization of the energy band 
distribution of the BCC crystals carried out in this study is consistent with the results of the visualization 
of previous studies. The visualization of the energy band distribution in BCC crystals with 𝑎 = 1 shown 
in Figure 3 is like the results of experiments conducted by previous researchers [41]. 

 
Implementation in distance material physics lectures 
The global conditions that are currently affected by the Covid-19 pandemic have made face-to-face 

lectures and practicum activities difficult to do. Therefore, various online lecture innovations are mostly 
carried out by lecturers and students. One form of online lecture innovation, especially in the field of 
material physics, is to visualize mathematical equations of a physical phenomenon using the spreadsheet 
software assistance. As in this paper, which visualizes the atomic energy band of the body centered cubic 
crystal (BCC) based on the tight-binding method with the spreadsheet assistance. Through this 
visualization activity, students can develop analytical skills, mathematical abilities, creative thinking, and 
conceptual understanding of the BCC crystal energy band material based on the tight-binding method 
[42,43]. 

In the material physics lecture process that implements the use of spreadsheet software, lecturers 
can start by presenting material about the atomic crystal energy band based on the tight-binding method 
to students. Meanwhile, students are asked to understand the material physics theories presented by the 
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lecturer. After that, lecturers can ask their students to analyse and describe mathematical equations about 
the energy bands of the digital atom, especially body centered cubic (BCC) based on the tight-binding 
method. After students get the details of the mathematical equation from the atomic energy band of the 
BCC digital atom, they need to present the details of the mathematical equation. This was done to check 
the mathematical equation of the atomic energy bands of the BCC crystals that had been compiled by the 
students. Furthermore, the lecturer can divide the students into several groups to visualize the 
mathematical equations of the BCC crystal atomic energy bands that they have compiled using the 
spreadsheet assistance. The results of the energy band visualization that have been carried out by students 
are then presented and compared with the results of the visualization conducted by the lecturer. 

This visualization activity can be a link between mathematical modelling and material physics 
experiments easily, can be done anytime, anywhere. This visualization activity is also can make it easier 
for students to apply the mathematical equations of a physical phenomenon that they get during lectures 
[44,45]. Thus, the activity of visualizing mathematical equations of physical phenomena can support the 
implementation of distance material physics courses. The implementation of material physics lectures that 
implements this visualization activity can be carried out well if students can be actively involved in 
understanding mathematical equations of physical phenomena and virtual experiments through the 
spreadsheet’s assistance. 
 
Conclusions 

In this research, it is shown a computational software in the form of a spreadsheet that is used to 
visualize material physics theory. The spreadsheet software is used to visualize the atomic energy bands 
of body centered cubic crystals (BCC) based on the tight-binding method. The spreadsheet software was 
chosen to visualize the atomic energy band of BCC crystals because it is one of the computational 
software that is easy to operate and does not require a programming language that is too complicated, 
making it easy to use by students or novice programmers. This visualization activity can make it easier 
for students to understand and implement mathematical equations of a physical phenomenon that occurs 
in everyday life. The visualization activity of BCC digital atomic energy bands based on the tight-binding 
method can support the implementation of long-distance material physics lectures. Furthermore, the 
results of this research can also be used as a reference source for researchers or students in the future to be 
able to visualize energy bands of crystal atoms and mathematical equations of other physics phenomena. 
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