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Abstract – This study was aimed to 1) create a fun 
materials and programming project during the Covid-
19 pandemic, 2) simulate SC, BCC, and FCC 
crystallines stuctures’ energy bands, and 3) investigate 
the obtained energy bands properties. Python was used 
as the software. The subjects were second year 
undergraduate students. They were asked to simulate 
the crsytals’ energy band using the tight-binding 
formulas. We concluded that 1) materials and 
programming can be a fun project during the Covid-19 
pandemic, 2) the simulations can be done using the 
Python software, and 3) the larger the lattice constant, 
the more profiles produced.  
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1. Introduction

The Covid-19 pandemic has been going on for 
more than two years [1], [2], [3]. Until now, learning 
in higher education has not been able to be conducted 
normally. Several universities are still holding full 
online learning due to the Covid-19 pandemic [4], 
[5], although some of them have conducted limited 
offline learning or blended learning [6], [7]. 
Interactive face-to-face lectures turn into 
monotonous online learning where lecturers only 
taught and students listened. Consequently, many 
lessons are not well absorbed, one of which is at the 
undergraduate level [8], [9]. Laboratory experiments 
at universities are also still carried out on a limited 
basis [10], [11], [12]. Hence, to make lectures more 
meaningful with fun activities, we tried to combine 
materials and programming lectures with a project, 
i.e., project based learning (PjBL). So that materials
courses are not only studying theory, whereas 
programming course is not only studying 
programming languages. Students can apply what 
they have learned from both lectures in a project. 

One of the subjects learned in the materials lecture 
is the energy band crystals of simple cubic (SC), 
body-centered cubic (BCC), and face centered cubic 
(FCC) [13], [14], [15]. By studying the energy bands, 
we can find out the electronic energy levels in the 
crystals, so that the crystals’ properties can be 
determined [15], [16]. In addition, the energy bands 
can also be used to distinguish metals, 
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semiconductors, and insulators [17]. Solving the 
Schrodinger’s equation on the interacting electrons 
and ions is needed to determine the energy band of 
crystals [18]. One method that can be used is the 
tight-binding model. The tight-binding model is 
conceptually and computationally efficient for 
describing the electronic properties of materials [19]. 
It is based on the assumption that crystals are formed 
from isolated atoms that are slowly brought together. 
All wave functions obey Bloch's theorem [20], [21]. 
The equations and parameters for the energy bands of 
SC, BCC, and FCC crystals using the tight-binding 
method according to [15] are listed in Table 1. This 
method uses one electron per atom. The electron is 
assumed to be in the "s" state and moving due to the 
crystal potential of an isolated atom, while the 
influence of the other crystal atoms is small. 

The interesting part of the study is that students are 
asked to make simulations of the energy bands of SC, 
BCC, and FCC crystals in a project. Through this 
activity, students can practice their programming 
language and investigate the characteristics of the 
crystals. In that way, students can understand the 
concepts and theories of the simulated crystal [22]. 
Python is used as the software in the simulation. This 
is because Python is learned in the programming 
lectures, it is a free software and no payment is 
required [23], [24], it is easy to apply using a 
computer [23], [25], contains functions that allows 
completing tasks without preparing the program from 
scratch [23], [24], contains a simple syntax that is 
easy for beginners to understand [24], [25], [26], and 
has been proven to be successfully used in learning 
[24], [25]. When compared with Spreadsheets [27], 
[28], [29], Python may be more complicated and take 
longer to learn, but the computational capabilities are 
much better [24]. 

In this study, we conducted a fun materials and 
programming project, i.e., simulating the energy 
bands of SC, BCC, and FCC crystals with lattice 
constant variation of 2, 4, 6, 8, 10, and 12 Å. We use 
Python as the software for the simulation. Finally, we 
investigate and discuss the energy band 
characteristics resulted from the three crystal 
structures. 

 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Crystal’s energy band formula 
 

Crystal Formula Parameters 

SC 
cos 𝑘 𝑎 cos 𝑘 𝑎

cos 𝑘 𝑎  

𝑎 1 
𝑘

2𝜋 𝑎⁄  
𝑘

2𝜋 𝑎⁄  
𝑘 0 

BCC cos
𝑘 𝑎
2

cos
𝑘 𝑎
2

cos
𝑘 𝑎
2

 

𝑎 1 
𝑘

2𝜋 𝑎⁄  
𝑘

2𝜋 𝑎⁄  
𝑘 𝜋 2𝑎⁄  

FCC 

cos
𝑘 𝑎
2

cos
𝑘 𝑎
2

cos
𝑘 𝑎
2

cos
𝑘 𝑎
2

cos
𝑘 𝑎
2

cos
𝑘 𝑎
2

 

𝑎 1 
𝑘

3𝜋 𝑎⁄  
𝑘

3𝜋 𝑎⁄  
𝑘 𝜋 2𝑎⁄  

 
2. Method  

 
The subjects of this study were second year 

undergraduate students who were taking materials 
and programming lectures. They were asked to 
simulate the energy band crystals using the Phyton 
programming language. The crystals being studied 
were SC, BCC, and FCC according to the energy 
band equations in Table 1. Students were free to 
determine the wavenumber, k, on the x, y, and z axes. 
Note that in SC, 𝑘  is zero. In BCC and FCC, 𝑘  is a 
specific value. The selection of software and 
materials was based on the subjects studied in both 
lectures. Students were asked to investigate and 
discuss the energy band properties of the three types 
of crystals simulated. 

In this study, the crystal lattice variations of 2, 4, 6, 
8, 10, and 12 Å were used. Each variation was 
simulated twice for each type of crystal, i.e., at 
angles of (30, 35) and (70, 35). Angles of 30 and 70 
mean that the graph was rotated upwards by 30 or 70 
degrees from its original position. Angle 35 means 
that the graph was rotated counterclockwise by 35 
degrees. The purpose of doing two simulations was 
to be able to observe the energy profile that was 
formed from two points of view. 
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This programming syntax involved mathematical 
equations. The first thing to do was to import numpy 
as np and matplotlib.pyplot as plt in Python. Use the 
variation of the lattice constant, 𝑎 = 2, 4, 6, 8, 10, and 
12 Å. Determine the intervals of 𝑘 , 𝑘 , and 𝑘 . In 
this study, 𝑘  and 𝑘  were -1 to 1, with a total of 100 
data. 𝑘  was determined based on the type of crystal, 
that is, SC was 0, BCC and FCC were π/2𝑎. The 
energy band of the crystal was expressed in the form 
of a function 𝑓 𝑥, 𝑦 . The graph plot used 3D 
contours. 
 

 
 

Figure 1.  SC energy band program using Python 
 

 
 

Figure 2.  BCC energy band program using Python 
 

 
 

Figure 3.  FCC energy band program using Python 
 
3. Results and Discussion  

 
This study aims to 1) create a fun materials and 

programming lecture project during the Covid-19 
pandemic, 2) simulate the energy bands of SC, BCC, 
and FCC crystals at lattice constants of 2, 4, 6, 8, 10, 
and 12 Å, and 3) investigate the energy band 
properties of the three crystals. Second year 
undergraduate students who take materials and 
programming lectures are asked to simulate the 
energy band crystals. The crystals used are SC, BCC, 
and FCC according to the energy band equations in 
Table 1. Python is used as the software for the 
simulation. In this study, 𝑘  and 𝑘  are -1 to 1, with 
a total of 100 data. 𝑘  is determined based on the 
type of crystal, i.e., SC is 0, BCC and FCC are π/2𝑎. 
The variations of the lattice constant are 2, 4, 6, 8, 
10, and 12 Å. Each variation was simulated twice, at 
angles of (30, 35) and (70, 35). 

The coding using Phyton for simulating the energy 
bands of the SC, BCC, and FCC crystals are given in 
Figures 1. to 3., respectively. It may be observed that 
all of the codes containing equations in Table 1. are 
quite simple. The simplicity of the codes can make 
error tracking easier such that programming becomes 
a fun activity. Of course, the structure of the coding 
for all crystalline structures are the same. The 
difference is only on the equation used for each 
crsytalline structure. The results of the computations 
are given in Figures 4. to 9. with variation of the 
lattice constants, i.e., 2, 4, 6, 8, 10, and 12 Å, 
respectively. 
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Figure 4. shows the results of the computation for 
the lattice constant of 2 Å. At a lattice constant of 2 
Å, there is no difference in the energy band profile 
between SC, BCC, and FCC, only the energy ranges 
are slightly different. The highest energy range is 
obtained for SC, whereas the smallest is attained for 
BCC. The three energy profiles are shaped like a 
cone, which consists of four sides. The ends of the 
sides are raised upwards and have a valley in the 
middle. 

 

(a) 

(b) 

(c) 
 

Figure 4. Lattice constant of 2Å, (a) SC, (b) BCC, and (c) 
FCC 

 
At a lattice constant of 4Å (see Figure 5.), the SC 

has started to form like a flower petal, where the ends 
of each side are lifted upwards to form peaks. In the 
middle there is a valley. The energy band ranges tend 
to be the same as before. BCC shows a different 
profile, the ends of the sides are raised although not 
as high as SC. The sides are raised higher than the 
ends. These sides form the peaks. While the ends of 
the sides form a valley. On the other hand, this is less 
pronounced for the FCC because all four sides and 
ends rise simultaneously. In contrast to SC, the 
energy ranges of FCC and BCC change almost twice. 
 

(a) 

(b) 

(c) 
 

Figure 5. Lattice constant of 4Å, (a) SC, (b) BCC, and (c) 
FCC 

 
At a lattice constant of 6Å (see Figure 6.), SC 

forms four complete peaks with one complete valley 
in the middle. The energy band ranges are relatively 
the same. The BCC almost consists of four peaks, but 
not yet fully formed. In the middle there is a valley. 
The position of the four sides is at the top, while the 
sides are lower. On the other hand, the sides and ends 
of the FCC tend to increase and the profile on the 
sides seems to widen. Not a single peak is seen in 
this profile. Only one valley is visible in the middle 
and a unique profile on all four sides. When 
compared to the lattice constant of 4Å, the energy 
ranges of BCC and FCC tend to increase slightly. 

At a lattice constant of 8 Å (see Figure 7.), SC has 
four full peaks, eight incomplete peaks, one intact 
valley, and eight incomplete valleys. The SC energy 
profiles are most rapidly formed compared to other 
types of crystals. The BCC energy profile is almost 
the same as the energy profile for the 6 Å lattice 
constant. The difference is that this profile tends to 
narrow to the middle, so that a new profile is formed 
in the direction of the specified x and y axes, namely 
-1 to 1. The profile on the FCC side looks wider. The 
energy ranges of the FCC and BCC are relatively the 
same as the lattice constant of 6 Å. 
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(a) 

(b) 

(c) 
 

Figure 6. Lattice constant of 6Å, (a) SC, (b) BCC, and (c) 
FCC 

 
At a lattice constant of 10 Å (see Figure 8.), the 

number of peaks and valleys of the SC energy 
increase. There are four intact peaks, twelve 
incomplete peaks, and nine complete valleys. This 
means that the larger the lattice constant over a 
certain range of x and y axes produced more peaks 
and valleys. The BCC forms four full peaks and five 
full valleys. The FCC begins to form a profile like 
flower petals. The energy profile in this petal has 
different characteristics compared to SC and BCC. 
The energy ranges of the BCC and FCC are 
relatively the same compared to the lattice constants 
of 6 Å and 8 Å. Meanwhile, the SC energy range 
does not change much from the initial variation of 
the lattice constant. 
 

(a) 

(b) 

(c) 
 

Figure 7. Lattice constant of 8Å, (a) SC, (b) BCC, and (c) 
FCC 

 

(a) 

(b) 

(c) 

Figure 8.  Lattice constant of 10Å, (a) SC, (b) BCC,  
and (c) FCC 
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(a) 

(b) 

(c) 
 

Figure 9. Lattice constant of 12Å, (a) SC, (b) BCC,  
and (c) FCC 

 
At a lattice constant of 12 Å (see Figure 9.), there 

are sixteen full peaks, nine full valleys, and twelve 
incomplete valleys in the SC energy profile. 
However, the SC does not experience any significant 
change in the energy range during the variation of the 
lattice constants of 2, 4, 6, 8, 10, and 12 Å. The BCC 
forms four full peaks, eight incomplete peaks, five 
full valleys, and eight incomplete valleys. Moreover, 
the formation of FCC energy profiles is slower than 
SC and BCC. The FCC has one full valley in the 
center and eight surrounding incomplete valleys. 
This FCC energy profile has no peak. The flat profile 
part form a unique energy profile. The energy ranges 
of the BCC and FCC are relatively the same 
compared to the lattice constants of 6, 8, 10, and 12 
Å. 
 
4. Conclusion 
 

Based on this study, we can conclude that the 
materials and programming lectures can be combined 
in a fun lecture project during the Covid-19 
pandemic. The energy band simulations using the 
tight-binding method on various lattice constants can 
be done using the Python program language. From 
the simulation, we can find that the larger the lattice 
constant over a certain range of x and y-axes, the 
more energy profiles produced. The profile formation 

is fastest and slowest for the SC and FCC crystalline 
structures, respectively. There is no difference in the 
profiles of SC, BCC, and FCC at a lattice constant of 
2 Å. The difference is only on the energy range 
where the largest and smallest energy ranges are 
obtained for SC and BCC crystalline structures, 
respectively. The SC and BCC have peak and valley 
profiles, while FCC does not have any peak profiles. 
The SC does not experience a significant change in 
the energy range during the constant lattice variation. 
The BCC and FCC have increasing energy range at 
lattice constants of 4 Å and 6 Å. The highest increase 
is found for the lattice constant of 4 Å. The energy 
ranges of the BCC and FCC do not change for the 
lattice constants from 6 Å to 12 Å. 
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