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Welcome to Python Tutorial 1 of the course, Time-Dependent Quantum Chemistry.  
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The subject Quantum Chemistry is very often taught at both the undergraduate and graduate 

levels with almost entire focus on systems having known analytical solutions. Particle in one 

dimensional box, simple harmonic oscillator and hydrogen atom are very popular examples. 

On the other hand, most of the practical problems in quantum chemistry and quantum 

mechanics, even at the very preliminary research level, do not have any analytical solutions, 

they must be solved numerically.  

So, this mismatch poses a vexing problem particularly, when it comes to encouraging 

students both in experimental and theoretical physical chemistry lab for free thinking of any 

quantum mechanical problem. So, this is one problem with which we have is most of the 

practically important quantum mechanical problems do not have analytical solution they must 

be solved numerically.  

Question is: what should I learn for that? Furthermore, even for the problems having known 

analytical solutions, often inability to build physically perceptible mental picture in the end of 

a rigorous mathematical derivation also leads to a state of being not well equipped for free 

thinking of quantum mechanical problems. As the proverb goes, a picture is worth 1000 



words, graphs are the best way of portraying the physical concept behind a mathematical 

expression.  

Therefore, to make the study of quantum mechanical systems, quantum chemistry, practically 

useful and to make the learning process comfortable one in my opinion, blackboard or 

PowerPoint presentation of quantum mechanics must be supplemented by computer 

programming based graphing tools. This is true both for time independent and time 

dependent version of quantum mechanics.  

So, another problem is that even I can have analytical solutions in quantum mechanics, these 

analytical solutions are way too complicated to percept the physical meaning without a graph 

and question is, how do I use different graphing tools to portray the physical concept behind 

the quantum mechanical system? And the answer to both of these questions is, we have to 

learn numerical and graphing techniques to find frequently encountered quantum mechanical 

problems using programming language which is free, free of cost.  

So, the aim of the Python tutorials given in this course, there are multiple tutorials will be 

given in this course, connected to each chapter of each module of this course, is to introduce 

numerical techniques, which are commonly required to find solutions to very frequently 

encountered quantum mechanical problems, such as solution to the Schrodinger equation for 

arbitrary potential,  simulating quantum dynamics under the influence of time dependent or 

time independent external potential etc.  

In addition to that, all the Python tutorials are prepared to provide a set of graphing tools to 

promote easy construction of mental picture for the analytical solution. So, we will, we will 

move forward with this introduction which will enable us to perform Applied Quantum 

Chemistry or Practical Quantum Chemistry going beyond the textbook.  
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So, question is what kind of programming language you should use to make this quantum 

mechanical, the study of quantum mechanical system practically useful? We have selected 

Python programming language for this course and there are a number of reasons why we 

have selected Python programming.  

It is easy to learn, it is becoming increasingly popular in modern scientific community for its 

rich scientific libraries. It has been developed for a long time recently, and to support 

scientific community, and the most importantly, it is freely available. So, in this course, we 

are not expecting any prior knowledge of programming; we will expect that students does not 

have any programming knowledge.  

So, we will start from the beginning of Python programming and will slowly nudge to the 

practical problems, which we will be encountering in quantum mechanics, in time dependent 

quantum mechanics in this course. Any enthusiastic students who will be attending this 

course would be able to go through the tutorials, without any experts help, that is expected 

and that is my belief.  

In the Python tutorials, first core concepts of programming for scientific computing are 

systematically introduced using a modern programming language Python, and, and these 

references would be very useful. The first thing is, one can navigate this website for Python 

programming and there are a lot of syntax arguments, methods, functionalities discussed in 

this website.  



And there is a SciPy documentation, all the features are not available, in built in in Python, 

there are multiple useful features which we will be using for scientific computing, they would 

be available in SciPy Module or library of Python that can also be navigated in this website. 

So, both websites can be very useful and I strongly suggest that students, enthusiastic 

students who would like to learn Python programming and then subsequently would like to 

use Python programming to explore quantum mechanical problems must they must go 

through these two websites.  

If you love to read textbooks, then then I would strongly suggest these two textbooks, they 

are lovely textbooks. The first one, this one Scientific Computation with Python, that is very 

new textbook, one can learn scientific, different scientific programming with Python, not 

necessarily useful for quantum mechanical problems, but for in general scientific problems.  

On the other hand, the second textbook Computational Quantum Mechanics using Python, 

this textbook has entirely focused the solutions or problems associated with quantum 

mechanics using Python. So, I would encourage enthusiastic students to go through these two 

textbooks.  
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Before we jump into Python programming, there are a few steps we need to follow. Students 

can comfortably go through the instructions given in the Python tutorial of this course, if they 

have Windows base computer, so we are assuming that we are using Windows operating 

system and one can first download Python from this website.  



The entire tutorial has been prepared using the Python version 3.8.0 and I suggest that 

definitely Install Python, version 3 or above. Do not use Python 2, because all the libraries 

which we will be using, they may not be available with Python 2, but Python 3 and above 

they are available. And if you go to this site, this is Python site.  
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Then one can find out this Python 3.8.0 it was released in 2019.  
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And I have prepared all the tutorials notes using this version, but one can go for a higher 

version as well if you scroll down, then there is a file, executable file, you can install this file 

in your computer, when you try to install it will ask you where to install you can customise 

the installation and you can change the directory where you would like to install. So, these 

are the installation procedure one can follow.  
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Once you have installed it, there will be Python folder which will be created in your desired 

drive. In my computer, I have in my laptop, I have installed it in C drive, that is why this 

Python file will be showing up in C drive in my computer. But based on your convenience, 

you can change the installation directory. Once you have installed it one can write Python 

code in different ways.  

There are multiple ways one can use right now. But we will use very conventional and very 

old-fashioned way we will use a notepad to write down the Python code and we will save the 

file with dot py extension that is the Python programming extension .py so, if I name the file 

as test 1, then I will place .py as a file name So, this is going to be the file name after writing 

the code in Notepad and then we have to save the file in the same directory where the Python 

you have installed.  

So, in my laptop where I will be performing all those programming this is where I have 

installed it and that is why after saving this file, we will save this file in this folder only. And 

finally, we will be able to run the programme with the construct Python filename.py so, that 

is the construct we will be using followed by pressing the Enter.  



(Refer Slide Time: 12:57) 

 

We will be running Python programming using command prompt as I told you before that 

there are multiple ways you can save file, execute Python files, Python programming, but we 

will be using very conventional way and later once we understand everything, we will 

introduce different techniques to make it easier.  

But right now, we will follow the conventional technique, notepad to write the programme 

and to run the programme to execute the programme we will use command prompt. 

Command prompt can be launched using your computer I will move to laptop right now.  
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So, I have already created, command, launched the command prompt and Notepad and I kept 

it side by side for my convenience. But one can always type CMD enter to launch the 

command prompt and from notepad also one can launch the new notepad for writing the 

programme. So, it is already there. Once you launch the command prompt as I have moved to 

this slide right now, let us look at this slide.  

Once you launch the command prompt, we would be in the home directory right now and that 

is the user directory. We have to move to the directory where the Python is installed. So, 

these are the procedures which has been given cd.. will enable you to go to the previous 

directory. So, this is what we are going to use to move the directory. And if I want to check 

the content of a directory, we can always use direct, dir return.  

So, these are the two dos comments we need to move, I will show in my laptop right now. If I 

move cd.. I am moving now, I will check the directory I have to move to this programme files 

cd. Instead of writing everything I can press, I can write down few letters first, and then press 

Tab computer will automatically try to take the remaining letters.  

So, that is exactly what I am doing and once I reach there, I will check the directory again, 

there is a Python directory given here and that is where I need to go. So, this is the directory 

where I will be saving the file as well as execute the file.  
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We will move to these slides right now and we will first begin the computation with Python 

demonstrating simple Arithmetic Computation. Arithmetic Computations such as addition, 



subtraction, multiplication, division, exponentiation, all these can be performed with Python’s 

built-in functionality print bracket and I will show right now in my laptop.  
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So, if I write print 2* 2, it is 2 multiplied by 2 and if I save the file in the same directory in 

the Python directory, I will give the name test1.py. So, this is saved in the same directory and 

I can now run this programme Python then test1.py I get back the value 2 multiplied by 2 

equals 4. If I make p to be capital and re-run the programme, I can use Page Up and Page 

Down arrows to get my previous comment.  

I see that if I use capital P for the print command, the print functionality I move to this slide. 

Print functionality instead of I am using print then I get an name error in the programming 

and the reason why I am getting the name error is because Python will distinguish small letter 

and capital letter and this is an important instruction to everybody. If you are copying Python 

programming, make sure that you are not changing any syntax.  

So, in Python programming a and A they are two different variables. They are two different 

syntax. We will move on and print what I have written here. 10 multiplied by 2. I am using 

number of parentheses to preserve the order of the operation. So, that the one can read easily 

and one can understand what kind of operation we have. So, if we perform this with a small 

letter P, then we get 16.  

That is the value we have. So, one thing to note here, I have moved this to this slide, one 

thing to remember is this sign for each arithmetic computation double star is used for 

exponentiation it is so, 5 square is written as 5**2 in Python.  
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We will move on to the next kind of arithmetic computation in this we will first define 

variables and then we will use a mathematical expression and then we will print the output 

that is exactly what we are going to do. So, we will move to this laptop, a= 10, b = 2; I can 

write down print I can define another function is multiplied by b and then I can print the 

value of y.  

We get 20, 10 multiplied by 2 is 20. I will write down what we had c equals 5 and d equals 2 

then we will define this function a * b/c, I am again using a number of parentheses to 

preserve the order anybody can read and check what kind of ordered we have for the 

operation we get 16.  



So, let us move to this slide right now, one can in general variable names can contain any 

lower or uppercase letter. So,  I can give name a, b like this way. Anything is possible and 

also one can use underscore number to define the variables.  
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We will still continue arithmetic computation, but this time we will take the input from our 

user. So, let us check how to do that. And for that what we need the Python’s inbuilt 

functionality. That is called input, parentheses. This is the inbuilt functionality. So, we will 

move to laptop. If we write a equals input, then print a. It suggests that the a variable will be 

given by user that will be taken as input and then it will print a.  

So, let us see if we run the programme. It is, the cursor is waiting for an input. There is no 

instruction showing up. I will tell you how to include an instruction in this. But there is an 

instruction right now I have to give the value if I give the value, it will print the value. And 

that is exactly what is going on right now. So, I will show you how to give instruction. 

Instruction will be given with double quote or single quote; both are equivalent in Python.  

So, I will move to this slide. So, double quote, I can use double code to write a string, that is 

the instruction or some string, that is the collection of text we can use double quote, or single 

quote, both are equivalent in Python. So, we will move to slide I will use double quote right 

now and I write enter the value of a then it is asking me enter the value of a, I enter it return, 

it will show up the value.  

That is exactly what I am asking to do. I can give a space here and that space will show up. 

So, that and its printing. So, we have learned how to take input from user. So, now we will go 

up, go ahead and take the input all the inputs for the arithmetic computation, which I am 

doing right now, b equals I will just copy and keep the string. This is for b, enter the value of 

b, c equals this is for c and d equals this is for d.  



All these inputs will be taken from user and then I am going to define that function a, 

multiplied by b divided by c exponentiation d. That is my string. So, I will be now running 

the programme, is asking to enter the value of a I will use the same value 10, which I used 

before 10, then 2, then 5, and then 2, I get an error. And this is something which we should 

remember. I will move to this slide.  

Whenever I am using input, any value given through input it returns a string and I cannot use 

multiplication, division or arithmetic computation with the help with string I need an 

numerical value So, this string has to be converted to a numerical value before we perform 

any arithmetic computation. So, numerical value numerical value can be integer, for which I 

will use this int. I can use float, floating point to convert it.  

So, these are the ways I can convert the numerical values. So, what I will do right now, I will 

move to slide and I will change. I will make int within bracket everything. I am specifying 

that this is going to be integer. If I do not want I if I want to convert it to string to float, I have 

to use float. So, this int, parenthesis built in functionality of Python will convert the string to 

integer now a, b, c, d are integer although the values will be taken by taken from an from a 

user, but it will be converted to integer so that I can perform this arithmetic computation.  

So, I will give the same value 10, 2, 5, 2 and I get back. Okay, So, if print y, then what I get is 

if I run rerun the programme, I get the I use the same value c 5 and d 2, I get back 16. So, 

now it is doing the arithmetic computation without any problem. So, this is something which 

we have to remember that whenever you are taking an input from user by a keyboard, that 

input is given in the string format.  

We have to convert it to integer or floating-point numerical value and then only we will be 

able to perform the arithmetic computation. We will stop here and we will continue this 

tutorial in the next session. 


