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Lecture — 33
Introduction to Python

Good morning, my name is Raghu. I am a student of Shanti Bhattacharya. Today I will give
you a tutorial on python programming language. So, we are teaching python here, so that you
can model some of the optical elements and the optical phenomenon that you have studied in

this course; for example, a lens or a Gaussian beam. So, this is the tutorial.
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So, all of you have already installed python, you have not? Maybe if you have not maybe you
can sit with somebody who has python installed, so that. So, the idea is so, you do when I do it
here do it along with me. So, I request all of you to install python before watching this video

and try the python commands along with me.

So python is a very easy programming language and it is very popular nowadays. So, if you
see machine learning applications or scientific computations python is very widely used and
python is very easy to install sorry, python is very easy to learn also. So, if you already know

some other programming language like C or C plus plus, you can easily learn python. Because,



if you take any programming language, the basic building blocks of the programming language

are the same ok.

So, these are the important topics that I will be covering in today’s tutorial. So, basic
programming style of python and whatever different types of variables like integers, floats and
Booleans and what are the arithmetic operations on these variables like adding two numbers
divide division multiplication. And we need some comparison operations to see if a number is
greater than or less than a given number and strings are to give some sentences or something

like that.

And conditional statements to see if a given condition is true or false. And finally, the most
important thing is iteration because if you have some computations in your program and if you
want to do it many times like 100 times instead of writing the same code 100 times, you can
use an iterative approach like for loop or while loop to do it n number of times and finally, we

will see a vector data types which is like array to store similar types of data types ok.
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So, now let us go into some brief history of python. So, python was originally invented in the
1980s and it was first used for word or text processing kind of applications. But, later on
because python is very easy to learn and it has a very powerful in built library people have
adopted it by python in different applications. So, now, python is used in many applications

ranging from academics and machine learning and a lot of applications.



And python is a scripting language and it is an interpreter based language not like C or C plus
plus, so, which is a compiler language. So, what is the difference here is so, in C language, if
you write a program and if you compile it, the whole program gets compiled and then after that
you execute the program. But in the case of python; so, if you write some 20 line program. So,
the interpreter will take one line and then go to the next line. For example, if you have some
error in some tenth line or some. So, the interpreter goes to the tenth line if there is an error it

stops there and it does not execute the next lines.

But in compiler it will compute the whole program even if there is an error somewhere in
between of the program and it is an object oriented programming language. And we are not
covering this particular aspect of python in this lecture because it is beyond the scope of this
course ok. And these are the advantages of python because it has a very big library, open source
library, most of the functions are already written by some other people you can just directly

import those libraries here.

And it is open source if you have some doubt you can just post your question on stack overflow
or some other website you can get a solution within a few minutes. And it is very easy if you
can it is The syntax of python is very similar to English language. So, when you are writing a

program you actually feel like you are typing English sentences.

The biggest disadvantage of python is it is very slow compared to C language. Because C is
like a very lower level language python is a very higher level language ok. So, this is a brief

overview of python.
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So, now let us go into how a python program is written; so, what is the style and syntax that
we use to write a python program. So, when you see a python program, the first difference that
you encounter is the semicolons that you use in normal programming like C or C plus plus. So,
where you put a semicolon after the end of each of these statements, sorry, there was a mistake.
So, they should have been a semicolon here as well. But if you see a python program, there are
no semicolons after each of these lines ok. So, you do not have to end your statement with a

semicolon. So, that is the first difference to any other programming language.

And the second difference is; so, if you see C program and if you are writing an if statement or
a for loop, so, whatever code that gets executed in a if statement should be enclosed in open

and closed braces. So, that your program knows this is the content I have to execute in this

block.

But in python we do not use these curly braces instead of that what we do is we use this colon
operation, colon symbol. So, after the colon symbol if you enter a if you press enter button, so,
the program does not start from this point it shifts to some 5 spaces to this location. So, the
python interpreter will know, so, which part is included in the shift statement by looking at this
extra space. So, whatever lines you write after if, has this amount of spacing, they will all be
considered as part of the if statement ok. That is another significant difference between other

programming languages and python ok.



And yeabh this is what I meant before the space. This is called indentation ok. This extra space
is called indentation. So, if you see here after the if statement we have used the colon and then
after that we gave this indentation. So, this particular statement comes under the if block. And
next we have moved back again to this point and we have written the else statement and again
a colon operation and we have given the space, so that the interpreter will know. So, this line

is part of the else block ok.

So, this is the second major difference between C and python. And if you see another third one.
So, in C language, we have defined two variables a and b and we have declared them as integers
by using the key word int ok. But in python if you see these two statements we have not
specified whether it is an integer or float or you know different the type of the variable. So,
what happens is when you write an equals to 2, the python interpreter will itself take care of

this assigning the type to the variable ok.

So, a is by default declared as integer because we are given it to so, this simplifies the python
programming very much. So, you do not have to worry about variable types or anything you
just write like English sentences. So, this is the third difference. And in C program so, your
execution of the program starts in the main method right, you all know it. So, in order for your

program to be executed you should have a main function, so this is a main function.

But in python you do not have to write any main function, you can just keep writing several
statements and they all get executed one after another ok. So, these are the differences between

C and python and this is the typical style of writing a python program ok.
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So, now let us move onto different types of variables in python. So, in any programming
language you should have a variable type to store a particular data value. For example, you can
store an integer, you can store a float value, float values I mean; which have decimal parts.

Integers do not have decimal parts, but floats have decimals parts.

So, you need variables to store these values and in python we have 3 types of variables which
are integers; ints, floats and boolean variables. So, boolean means true or false, it has only 2

values. So, to demonstrate how do we use variables in python?
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So, I want to just introduce to some simple program. So, do not worry about what I have done
in this program, I will explain. So, what we are trying to model in this example is what happens
when light travels in a medium ok. So, we all know these are two light waves travelling in this

direction and the upper light is travelling in a medium with the refractive index of 1.5.

So, we can say this is a glass material on the other hand the lower material is travelling in an
air medium. So, and the refractive index is 1 ok,so, because of this refractive index difference.
So, the output light is going to have a phase difference ok. So, that phase extra phase
accumulated by this light because of travelling in this medium can be given by this equation

ok.

So, this is 270 which is also called the wave number and n is the refractive index and the d is

the thickness of this material. And if you see in this region and in this region, there is no
difference in phase between the upper and lower rise light waves, because they are travelling

in air in those regions.

But if you see in this region; the upper one is going in glass and the lower one is going in air.
So, there is a phase difference. So, how do we calculate this phase difference? So, A¢is given
by ¢, — Ly So, whereqb] =20/0x 1.5« — [, x 200/« =1 here and distance is the
same ok. So, the overall phase difference is given by 2171 /(7 sorry, AL11.5 — I This is the phase

difference between these two waves.

So, this is the same thing I tried to write a python program. So, here pi value is assigned to a
variable called pi and we have not said it is an integer or float here, because the python
interpreter will itself take care whether it is an integer or afloat. So, by default pi is going to be
a float type of variable ok. And the wavelength of light we are choosing as 633 nanometers

here, nanometers instead of writing 633 « 79~Y. In python, we say [1[] — 9¢ , which means

633 % 1077 ok.

And I just chose some randomly the wavelength 633 nanometers we can choose any of any
other wavelength and 7 is the refractive index of glass and nA is the refractive index of air

and d is the distance travelled. I just took it some ;) « 79~$10 meters and k the wavenumber I
have calculated using 2( /[ formula, this one and ¢ ; is the phase difference and this is the

equation and ¢ B for this equation.



So, delta ¢ 1is given by ¢ ;=) Finally, we are printing the phase difference between the
waves given by so and so number. And another thing you have to notice here is this statement.
So, ([ 1is a float type of number ok. So, in order to print it on the screen, we need to convert it
into a string. So, that is what we are doing here. So, this is a key word str. So, if you write str
of some number it will convert into your string. It will add this to the previous thing using this
plus operator and it will print on the screen ok. String is a series of characters. It is like a

sentence English sentence ok.
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So, now I will just show quickly how to run this program. So, this is the software that I ask you

to install which is called canopy.
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So, to open this you just go to programs enthought and code editor. If you click this, you will

see this screen. So, I already opened it, so it does not take a lot of time and I have already stored
this ok.

(Refer Slide Time: 13:21)

Carebrig

A, . 2 1h E]
oy 2wavilength = 633
b rd IRk
e B iy dnd e |
54|

Bk = Jepi/mavelength

NPTEL Tphil =k enGed
Bphid = ko pd o d
QPhi = phil - phi,
1B print “Phase &ifference betsen wives = ° = 317 {dPhi)

Weloome fo Canopy's interactive data-analysis envirgnment!

Kirnal rureing (n the ‘Usar’ envirerasnt

Pythen 2.7.0 |Enthought, Ine. (xB5 84)) (default, Mar J 3017, 15:05:12) [MSC v. 1500 B4 Bin (WDE4)]
Type "copyright”, "credits” or “license” For more information

IPython 5.3.8 == in enhanced Interactive Fython
7 v [ALFadtioh IPythen's featuris
tquickref -» Quick refereste,

help  -» Python's o halp systes.

This is the program I will increase the font size. Can you see it now or you want it still bigger?
Is it ok?



So, I will explain how to use the software in a few minutes, but for now just see the program
running. So, this is the program and this is the button you have to click to run the program. So,
now, here it is asking [ mean; it is just giving the phase difference between the 2 waves is 0.49

radiance ok. So, now, we have seen some example programs.
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So, let us go deeper about what are variables in python. So, as I have said before in python

there are three types of variables; the integers, floats and boolean type of variables.

So, integers you know they are all real integers. So, they do not have fractional parts and in
integers there are 8 bit integers, 16 bit integers. So, you do not have to worry about it, the size
number of the more number of bits, you have in integer the bigger number you can represent.
And similarly float you can present decimal numbers and boolean it has only true or false
values ok. So, now, I want you guys to open the python shell. So, you can try some of these

commands by yourself.
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@ float: Represents real numbers ex; 3.14, 2.6 etc.
@ bool: Represents boolean values True and False.

So, to do this, I hope you already installed the software. Just go to the same enthought, here

you just open this canopy command prompt ok.
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So, I have already opened it and this is how the command prompt looks ok. So, this is called
the python shell. So, in python shell what you can do is, instead of writing a big program you
can just give commands one at a time ok. So, for example, I am showing you, we can say an

equals to 1 and the value of a is stored in the python in python in memory ok.



So when you just in the next line if you say a and it prints out the value of a as 1. Similarly,
you can say b equals to some 49 and if you say b it will give the value of b back. You can also
try print print b, it will print the value of b ok. So, now, I have , so now, we have seen there are
three types of variables and there is a command in python to know what is the type of variable
ok. So, for example, we know two is an integer variable, but we want to know what is the type

of variable. So, just go to this python shell you can say print type of a.

So, since a is a integer type it will print the type of a as int. And we will see another example
where we seer = 3./4/and now we will ask the python to say what is the type. So, it gives the
type to be float ok. So, these are the simple commands that we can use to know the type of a
variable. And similarly, we will see what happens with a boolean variable. So, I will just write

it True and. So, t is a boolean type of variable.

So, in a for example, in your program sometimes what happens is. So, you have a variable that
is an integer or float ok. But you want to convert from integer to float or float to integer. So, in
python there is a way of doing it. So, if you have a number 3, which is an integer if you want
to convert into a float. So, you can use this command float and you pass the number that you
want to convert into float. So, now, here 3 will be converted into 3.0 ok. And similarly, you
can convert this 4.3215 which is a float number into integer by using this int of command and

it will return the value 4.
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So, we can just quickly try those commands here. So, it gives us the value 5 back, you can give
5 so it becomes 5.0 ok. All of you are trying or you have not installed? I highly recommend it
because you guys if you do when you do it faster you can learn python very fast ok. This is

called type conversion or type casting in python to change one type to another type.
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Operations on ints and floats:
@ 3 + b - sum - If both are ints, sum is int, if either is float sum is float
9 - b - difference
@ 3 *b- product
@ a | b - division - If both ints, result is int, only quotient without remainder
o 2 % b - remainder
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And we have seen variables and now we will go onto what are the type of operations that we

can do on these variables.

So, the first type of operation is called arithmetic operations. So, by name itself it says
arithmetic means; addition, multiplication, division, subtraction and so on. So, these are the
symbols used to do these operations in python. So, plus is addition, minus is subtraction and

hash we use this for multiplication and division symbols we use for division.
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So, we can quickly try these things in python shell. So, we can see an equal to 5 plus 3 and we
just say a it gives the value similarly or else we can just type 5 *3 is 15 and 5 - 2, 3 and so on

yeah. So, if you had noticed here 4/3 = 1.333.

But here both of these variables are of integer type. So, the result of this computation will also
be integer. So, this is another thing you should always keep in mind when you are dealing with
integers. If you are just dividing 2 integers, you should always take care to at least convert one
of them into a float. So, that the result will be a float otherwise you will lose some mistake that

will happen in your program and you do not realize, you will get some error in your output.

So, these are the basic arithmetic operations and there are other operations for example, this
percentile operation which is a reminder operation. So, if you want to know a reminder when
you divide a number with another number, you can use this percentile symbol and if you want
to calculate power of a number you can use this double hash track ok. Single hash track is for

multiplication and if you use two hash tracks it is power. So, let us quickly try those things.

So, 5 percentile 2 is 1 and 5 power 2 is 25 ok. So, now, we have seen these yeah. So, another
important thing that you have to keep in mind when using these arithmetic operation operations
is where you keep your parenthesis. For example, if you have a line of programs. So, that has
so many arithmetic operations like additions, multiplications and divisions and you have to
keep your parentheses properly instead of writing 5 plus 3 in brackets if you write 5 plus 3 into

2. So, what happens is the result will be can you just tell it is going to be 11 instead of 16 ok.



So, you have to keep in mind where to put your brackets correctly. So, that you will get the
desired result and in a python; operations are executed from left to right in this order. These
are the precedence of operations. So, first is the power operation then multiplication,and

division, addition and subtraction ok.
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So, now, we have seen different kinds of arithmetic operations that can be done on both integers
and floats; obviously, we cannot do addition using boolean variables. So, now, let us see what
we can do with these booleans or how do we do comparison between two numbers ok. So, in
python we have 4 types of comparison, actually 6 types of comparison; one is greater than,
greater than or equal to, less than and less than or equal to. There are two more comparisons to

check if two numbers are exactly equal or not equal.

So, to do this we use these symbols greater than, greater than or equals to and the order should
be the same. You cannot use equal and greater, this is illegal. You have to use greater than
equals to be ok. Similarly, less than less than or equal to and double equals to compare two
numbers and not equals to to see if they are not equal and the many people make this mistake.
So, for example, if they say an equal to 3. So, what happens is the value of three is assigned to
the variable a, but by mistake for example, if you want to see if it is equal to 3, you have to use

this statement.

Beginners in python or any programming language tend to make this mistake when they want

to compare; they just say an equal to 3. So, this is wrong, because here you are assigning the



value to a and you are not comparing. So, this is one thing that beginners should keep in mind
and not equate to give so, yeah. So, the output of a comparison variable is always a boolean
type of variable ok. So, when you are comparing two things. So, outcome can be either true or
false it cannot be integer or float ok. So, for all these comparison operations, the output can be

either true or false.
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So, if you, we will just try out some of these new comparison operations in the python shell.
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So, we can say 5> 3 which is true and we got the outcome true we can say 5=1 which is false,
we can also say 5 not equals to 5 yeah there is a syntax error, because there should not be any
space in between the not equals to symbol and equals to there should be next to each other. So,

since 5 not equals 5 is an incorrect one. So, we are getting the value false ok.

And we have seen comparison operations can be performed on integers or floats ok. You cannot
compare true or false with each other. We can compare using equals to, but not the other greater
than and less than. So, now, we will see what are the different kinds of operations that we can
use on boolean type of variables. So, like these are the three allowed boolean operations in
python. So, which are and, or and not. So, we all know what is an and if both a and b are true

then only the result of the operation will be true in other cases it is going to be false.

Similarly, for a or b it is only false when both are false and in all the other 3 cases it is going
to be true. Not a is going to flip [ mean; if it is true it is going to make it false and if it is false
it makes it true ok. And also we can use these comparison operations in conjunction with these
boolean operations. For example, if you see this statement. So, 4 greater than 2 will give us a
boolean output which is true and 1 less than 4 is also true. So, the outcome will be true and we
have applied this and boolean operation with between these two boolean variables ok. So, the

result will be true because true and true is true.
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So now let us see what strings are in python. So, string is nothing but a sentence or group of

characters that we write in python. For example, in a python the string always should be



enclosed in double quotes or you can also use single quotes. So, both are treated as strings,
there is no difference. For example, here Optical Engineering is a string and you can also
declare numbers as strings. For example, here 3.1415 is enclosed in braces which means this
is a string and not a float value ok. And you can also assign variables to string for example,

here Uni is a variable and the value string is assigned to this variable ok.

(Refer Slide Time: 25:40)

g"“’ Strings
kY ?‘%} A string str is an example of Non-scalar object.
g

. @ A string can be written using single or double quotes.
NPTEL

"3 14

Uai = 'IIT !1.-.1\'-w.:= .

Some operation on strings: e

print Uni # 3. 1l

And let us see some of the operations that we can do on strings. So, this is one operation that
can be done on string. So, here what happens is as we have declared earlier. So, the variable
Uni is assigned with a string called IIT Madras. When 1 say multiply it with 3, what happens
is, the string is repeated three times and it makes a bigger string. So, that is one operation and
the other operation plus plus means concatenation operation. So, what this does is it will take

two strings and then it will join these strings together ok.

So, here another thing I want you to notice. So, this hash symbol. So, in a python program if
you want to write a comment. So, which should not be executed in your program, you can use
this hash symbol and you can write anything after that that will not be executed in the program
and using comments is very useful because when you write a program and if you look at the
program after a few months. So, you may forget what you have done using your variables or

your statements.

So, if you use these comments it will be easy to find out what your program is doing. Another

way of writing comments in python is using three quotation symbols and you can write your



state comments here and then close again with 3 single quotes. So, this is another way of writing
comments; this is also called block comment. So, yeah so, we have seen the multiplication and

this plus operations using in the context of strings.

And now there is another operation this was also seen in the first slide. So, which is a string
keyword. So, what this does is; it takes the number 633, it converts it into a string 633 and it
joins this to the previous string and it makes a single string ok. And in python you can also find
out the length of a string for example, if you want to know how many number of how many
characters are there in a string you can use this length command which is a in build command

to know the number of lines in a string and most of people may be working with MATLAB.
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So, I want to emphasize here the key difference between python and MATLAB here is in
python. So, the indexing starts from 0. So, what do I mean by indexing is so, the counting |
mean; how do we count the numbers of a string. So, the counting starts from 0, if you know
MATLAB before. So, the difference is in MATLAB the counting starts from 1 ok. So, if you
are switching from MATLAB to python be careful to remember this point this is very

important.

So, for example, if you want to print a particular character in a string like tenth character or
first character. So, we can use this square braces and inside the square graces we can give what
is the index of the character that we want to print out. So, we can just say print and we can give

some string. So, this will give the letter I at the output.



Similarly, another important thing in python is you can if you do not know the length of a string
for example, you do not know if there are 40 characters or 100 characters, but if you want to
know what is the last character. You can use this minus 1. So, minus 1 means the last character
even if you do not know the length if you just say minus 1, it will print the last character in the

string ok

You can also group I mean you can also index groups of characters like seventh to thirteenth
or first to fifth character using this command. Here you use the starting index and the new semi

colon and the last index. So, here seventh to thirteenth characters will be printed at the output.
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So, now let us try some of these in the python shell ok. So, it is a variable that is storing the
value of a string that is optical engineering. So, now let us see what happens when I say. So,
now, the optical integrating string has been made into a bigger string repeating itself four times.
And now let us see I plus so, the output is Optical Engineering EE 5502. So, even though we
have done this operation. This is not going to affect the value of the original string. So, if you
print sorry so, I am still going to be an optical engineer and we have not changed the value of

I, but if you do this ok.

So, now if you tried to print. So, now, the value of the string is modified ok. And we have seen
the concatenation and multiplication. Now we will see if we can convert numbers to strings

and then add to I ok. So, now, it has added a 2019 character to this, but without converting if



you tried to do this if. So, it will give an error because, integer and string are different types of

data types and you cannot merge them together ok.

(Refer Slide Time: 31:18)

S Simple program (script
{%E) ple program (script)

» We can type commands directly into the Python interpreter, but in general we

NPTEL would want to store statements in a program file.
Input and Qutput: A
@ Often we need to read from and write to the command line. /|
[0l A
| | n | A.f-
iy
1 - » Vil
Rl = I.ual;lrau_:l;\EuL'gi ! Y
R2 = float (rav_input{“Enter Radius of curvature
Foin-1)* (1/R1 + 1/R2)" ),

So, now we have seen different types of operations on strings. Now let us try to write some
simple programs ok. So far what we have been doing is we are opening this python shell and
then we are typing different commands arithmetic or comparing whatever commands we are
typing in the shell. This is not a very good way of writing bigger programs. For example, if
you want to write a big simulation program or if you want to create some application. So, you
cannot open this command and write your application because it gets executed after each

statement. So, instead what you can do is you can open a text file.
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For example, so, you can open this editor and you can open a new file and you can write all of
your program in this file and then you can execute the whole program one at once instead of

executing one after another ok.

So, in order to open this program; I hope you are already installed, go to enthought and you
can open this code editor. So, when you open this code editor it will open like this. So, here
you can start writing your programs for example, I will write a simple program. So, what
happens here is when I execute it. So, all the statements in this file will be executed one after

another ok. So, now, let us go back and see the simple program that we want to write.

So, before going to this program, I want to introduce another important thing. So, in some of
our applications or you know some of our programs. So, we want to take input from the user
or we want to add some numbers into our program. So, that the program will work based on

the input that we give ok. So, far we have not seen how to give data to python.

So, in python; so, there is this command that we use to enter value into the program ok. So, the
main command is raw underscore input. So, raw underscore input takes your data from the
console and then if you know if for example, you can give whatever the. So, in raw underscore
input whatever the value enters it will be by default a string type ok. So, as I have said before
you cannot do arithmetic operations with strings. So, you have to convert it into an appropriate

type of data type whether it can be an integer or float ok.



So, in this example what we are going to do is to calculate the focal length of a lens ok. So, the
focal length of the lens is given by in order to know the focal length of the lens you should
know it is the radius of curvature and the material of the lens ok. So, for example, if this is a
lens and this is [7,this is (7, and if n is the refractive index, the focal length is given by £ _
0
( 11 ) ] _ 7ok
O

So, now we are writing a program to calculate a focal length. So, given the values of radius of
curvature 1 and radius of curvature 2. So, in the first line, we have declared the refractive index
n to be 1.5 and this value we are keeping it constant and we are not taking it from the console,
but we want to take the radius of curvature from the console. So, we all know the radius of
curvature is a float value. So, this raw input whatever we receive from raw input will be

converted into float ok.

So, you can also in the raw input command, you can give a string. So, what happens is when
this executes. So, this statement will be prompted on the screen. So, that you will know what
is the expected value from you. So, if you do not include this string, it will just be a blank space.

So, you do not know what you are supposed to enter ok.

So, to understand this program and this is the formula that we use to calculate the focal length
and capital F is this and in order to know the focal length we just have to calculate 1/F. And

finally, we want to print the focal length of the lens so and so, value.
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So, now let us go back. I have already written this ok. So, now, let us try to run this. So, here
at the bottom if you see it is asking for the radius of curvature let us give some value and it is
asking for the radius of curvature for the second surface. So, now, it has calculated the focal
length and it is printing the value of focal length ok. So, now let us try to modify this program
a bit.
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So, what if I remove this line here ok. I just gave raw input and then this raw input is being
converted into float. So, if I run this program and it is not asking to enter the radius of curvature
of the lens, but it is just blinking it is waiting for us to give a number so, if I say 5. So, now, it
is going to the next line where we have given the string and it displays. So, what is the radius
of curvature of the R2. So, this is more informative. I mean you will know what you are

supposed to do ok.

So, now let us give some other value. So, now, I have again calculated the focal length and the
value is 8.33. So, you can write any kind of string inside this and now we will run it. So, it will

just say enter R1. So, this is the focal length yeah.
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So, I hope by you understanding, you all understood how we write a simple program and how
it runs in python. And these are the observations that I want you guys to make at this point. So,
as I have said before, this hash symbol is used to write comments. So, this is very useful when
you are looking at your programs after a few months or few weeks. You will know what is
your program each line of your program doing and another thing is so, the program is executing
in the order that we have written ok. So, it is not executing the first line and then it is jumping
to the third line it is not doing all those things, it is just executing one line after another line ok.

So, this is good in most of our programs.
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But what if you want to execute a particular part of your program when a particular condition
is met ok. So, for example, you have two radii of curvature values. So, you want to use one
formula if you all know there is a thick lens and thin lens right. So, for example, if you want to
write a program and you want to, you have two different formulas; obviously, we have two
different formulas to calculate focal length for a thick lens and a thin lens. So, when you ask
the thickness of the lens, based on the thickness of the lens you want to use either this formula

or that formula right.

So, in order to do that kind of branching in your program; so, we need something called
conditional statements or branching statements ok. So, we all know what conditional
statements from other programming languages the if and else statements are ok. So, this is the
way these programs execute. So, you have a bunch of program lines and after a particular line
you arrive at a point where you want to decide either I want to run this part of code or I want

to run some other part of the code.

So, you write a test case if the test is true. So, you will write this, you will execute this bunch
of code and if the test is fall you will run another bunch of lines and finally, you will go to the

next part of your program ok.

(Refer Slide Time: 39:20)

@ The program branches based on a Test condition .-,J‘{'

fi} Branching programs - Conditional statements
UK 0

NPTEL @ The True Block executes if Test is True. s SEE z o
Ode

®#Branching example Even nusber testid
=3% ® 1:|t.[r;u.'_mp "Enter a Number: *)) F lv
=it (x & 2059 Q)F) (£

:
7. print "x iz Even"s” Test j

5 0130
print "x iz 0Ddd" ) True Flase
- print "Finished both conditions® Block Block

Observations:

q

{_J
t_l

¥ % 2= evaluates to True when remainder is Code
o

o == used for comparison and = for assignment

@ Indentation is very important - Each indented set of

expressions denote a block of instructions.

So, in order to understand this, I want you to see this program. So, here what we are doing is
we are asking the user to enter a number and we want to check if it is an even number or an

odd number. So, in order to check if a given number is even or not. So, the simplest test is to



do percentile with 2 and if the percentile operation is 0, it is an even number and if the percentile

1s 1 it is an odd number ok.

So, the same thing we have converted to writing a simple python program. So, here what we
are doing is we are using raw input commands to take the value from the user and we want to
convert it into an integer here rather than a float like before and here we are using an if
statement. And in this if statement, so we are calculating the percentile and the output we are
comparing with 0 and if it is true as I have said before there are no open and close braces in
python. So, we have to use this semi colon. And after semicolon the moment you enter the
python editor itself will give this extra spacing and here you have to write whatever commands

you what to write.

So, here we want to say it is an even number and we use this command and if this condition is
not true. So, the program will come to the else statement and in the else statement we want to
say x is an odd number. And finally, we after these two are executed the program comes here
after one of these gets executed the program comes here and we say I finished I finished

checking both of the conditions. So, now, let us go back to our python.
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So, this is the same program I have shown before. So, if I run this, so, if I give for example, 25.
So, 25 is an Odd number what happened here. So, it calculated 25 percentile to since it is not
equals to 0, it does not go into this branch and it goes to the else branch and in the else branch

it prints this x is an Odd number and finishes both conditions ok. So, similarly if we give an



even number. So, it says x is an Even number and it finished both of the conditions ok. So,

another thing I want you to notice in this is.

So, after you write the statement if you press enter. So, the cursor is still at this point, it has not
moved to the starting point. So, instead of writing else here if you write else. So, it would not
work ok. So, if you in order to write the else statement you have to come all the way to the
starting and then you have to write otherwise if you write the statement here itself. So, what
happens is for example, if you say equal to 2 or something 3 or something. So, the program
will execute in this block for example, if you want to execute the statement irrespective of what

happens. So, I mean you cannot write it here because it should be followed by something else.

So, you have to move to the starting ok. Or else I will demonstrate what happens if you are ok.
So, now, we have seen, if you do not write it here for example, if you write this statement inside
an else statement if you execute. So, we gave an even number x is an even number and it has

not printed this particular statement because it is inside the else block.

Similarly, if you give an odd number, since this is an odd number and the program is going
inside the else block and it is printing both of these statements ok. So, you always should keep
in mind where your next statement is going. Whether you want to include it in that block or

you do not want to include it in that block, ok.

yeah So, these are the observations that I want you guys to make at this point. So, the percentile
operation is used to calculate the reminder and this double equal is used for comparison and
single equals to is used for assignment and indentation is another important thing when you are

writing if or else or for kind of statements ok.
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So, now that we have seen conditional statements; so, let us try to write another example
program. So, in this example, we are trying to model what happens when an object lies at a
distance x from your lens, so ok. So, we all know based on the object lens object distance from

the lens the image distance is going to depend right.

So, this is the program I want you guys to open. So, the user has to ender the focal lengths of
the lens and the user has to enter the object distance, which is this distance. So, based on these
two values so, it is going to say if the image is going to be a real image or a virtual image or if
the image is going to be inverted or upright image and about the position of the image whether
it is going to be at the infinity or it is going to lie within f or 0 to 2f. So, it is a simple program

that uses the conditional statements.
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So, I will quickly run this program; so, we will just give some focal length 10 and object
distance 25. So, with these parameters, the lens is convex because the focal length is positive.
We know the focal length if the focal length is negative it is a concave lens right. So, because
here focal length is positive it is a convex and image is going to be inverted and small it is not
going to be magnified it is a smaller image and location is going to be between f and 2f to the

right of the lens. So, that is the information.

So, the program is giving you based on the value of focal length and let us try to give some
other values maybe minus 5 and 20. So, here the lens is a concave and the image is going to be

to the left of the lens and it is upright and it is again a diminished not magnified image ok.
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So, now let us go to iterative statements. So, as I said before if you have a block of code that
you want to run multiple times instead of copying the same code. So, many times you can use

these iterative or looping statements.

So, in python then we have two different types of loop statements one is the for loop and the
other one is while loop. So, this is how the iterative statements in python works. So, you have
a block of code and after the block of code you have another block of code that you want to

execute multiple times. So, for example, if you want to run it 10 times you have to check.

So, how many, what is the iteration number? So, if you want to exactly run 10 numbers of
times it should keep track of the iteration right whether it is the first iteration or second iteration.
So, for that there is a test to see what is the iteration number based on that if it is true it will go
go go to the block of code and it will execute the statements and again it will come back and it
checks the condition. If the condition is false it will exit the block of code and then it will move

on to the next part?
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So, here I have shown an example of a while loop. So, while loop what it does is so, the key
word key word to use a while loop is a while and then this is the condition as I have said we
have a test condition, so, this is the test condition. Based on the test condition, this is the block
of code that I want to execute ok. So, if the condition is false, it will stop executing this block

and then the program will start executing from this point ok. So, this is how a while loop works.

So, in this program I want to calculate the square of a number. For example, if you give a
number a. So, I want to calculate a square right. So, how I did this in this program is. So, for
example, a square, so a square can be given by so, adding a, a number of times right. Or for
example, if [ want to calculate 5 square, 5 square can be calculated by 5 + 5 plus adding 5 5
times ok. Similarly you can calculate 2 squares by adding 2 times right. So, this is the algorithm

I used to calculate a square of a number.

So, as I have said before you can also use this double star operation. So, just to demonstrate
how to do a while loop I have written this program. So, here initially we want to take the
number that we want to calculate square. So, I use this command and I convert it into an integer
and we have declared a variable answer to be 0 initially. And finally, whatever is the answer

we are going to store in this, but initially we have initialized it to 0.

And the number of iterations as we are seen here, if you want to calculate 5 squares. So, it has

to add 5, 5 times. Similarly, if you want to calculate 10 squares you have to add 10 times 10



numbers to itself ok. So, we have the number of iterations here is going to be the number itself

and we have written a while loop.

So, the condition here is so, the number of iterations left equals if it is not equals to 0 and we
go back and then we add the answer to the number itself ok. And then we decrement the number
of iterations by 1. So, now, I will explain in the case of 3 squares. So, initially we said answer
equals to 0 and number of equals to 3. During the first iterations; so, it will compare 3 to 0 and
since 3 is not equal to 0, it will enter the while loop ok. So, inside the while loop it says answer

equals to answer plus Xx. So, the answer is assigned a value of 0 plus 3 ok.

Now, the answer is 3 and in the next statement we are reducing this value to 2 ok. So, again we
come back to the while loop and we check if this value is equal to 0 or not. Since 2 is not equal
to 0. So, it again comes back into the while loop again we add the answer 3 plus 3, because
earlier answer was 3. So, now, it becomes 6 and we are decrementing the value to 1 here using

this statement.

And again we go back to the condition we check 1 is not equals to 0, we again go back in the
while loop and this time we add 6 plus 3 so, going to 9. And we decrement the value of iter
equals to 0. We again come back to this point and we check 0 not equals to 0 which is false.
So, now, we do not go into this loop we exit this and we directly come to this statement here
we print square of we converted x to string so and so number is so and so. So this is how a

while loop works.
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And these are the observations I want you guys to make at this point. So, for an iteration to
work you always have to set the iteration number of iterations out outside the while loop ok.
You cannot set this variable inside and cannot say the number. So, in order for this to work it

always should already have been declared before the while loop.

And another thing is that the test variable should be decremented. So, here this is the test
variable, we are testing the while loop based on this variable and this should be decremented
inside the while loop for example, if you do not decrement here what happens is. So, whenever
you check the condition it is always going to be three right. So, 3 does not equals to 0 this is
always true. So, what happens is this while the loop goes into an infinite loop. So, in order to

avoid that you always have to make sure.

So, your teste variable will fail at some point of time. So, if it does not fail the program is going
to execute an infinite number of times. So, that is a second observation and yeah ok. So, these
are the observations I want you to make in the case of while loop and the next ok. This is the

program that I showed on the slide.
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So,. So, let us give 5 and the square of 5 is 25, let us run it again and give some other number.
So, 225 is the square of 5 oh sorry, 15 yeah. So, now, we have seen a one type of iterative

statement which is a while yeah.
Student: (Refer Time: 52:39).

Yeah Please. So, the next type of iterative statement is a for loop. So, for loop for loop is a little
different from while and this is the syntax for using a for loop ok. So, for loop followed by
some variable name and they should be in a series of sequences and a block of code followed

by that.
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7 For loops
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i%) for <identifier> in <sequence of values>:

NPTEL

<code block>

o Identifier assigned to first value of sequence
o Code block executed

o Identifier assigned next value in sequence L -
o Code block executed B o=
» Continues until sequence exhausted )

To generate sequence of integers: /f‘f t=0

range(n) #Genars :
range(a,b) = [#Genarates &
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—mr—arr

prist "Factorial of " + strix) + " is " + strians)




So, what happens here is. So, to see this I will show some examples. So, here the example that
we are seeing is to find the factorial. So, factorial of a number 5 is given by 5 into 4 into 3 into

and so on until 1. So, this is how you calculate a factorial.

So, again we have used this raw input command to take a number from the user and initialize
the answer to 1 ok. And finally, we store our final result again in this variable, but we initially
declare it has 1. So, this is the syntax for loop. So, in the loop we are declaring an identifier
also a dummy variable here the dummy variable is I and we write another thing here is range
of 1 comma x plus 1. So, what this range function does is if you say range of n it will generate

a list of values from 0 to n minus 1 ok.

Similarly, if you say range of a comma b. So, it will generate a series of integers a to b minus

1 ok. So, to verify this let us just go back to our python shell again.
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i L reaa 33 1 + "EESGE2"
e t el el smemen w'0ptical EnglneeringEESS02'

g_ N4 ; ",' 4fra_ingut] e pront
o - dam
33\‘ g s Aitarieft = x »ue print I
: Suh Toptical Engineering
Left g

i

Itriddd I=1+" EESHR"

i3] pl'jﬂ[ 1

Optical Englneering EES502

»33 1+ str(2019)

‘Optical Englnesring EES5022019°

yax I+ 019

Traceback (most recent call last):
File '(\‘ﬁ‘ﬂ)', line 1, in cmodules

NPTEL

TypeError: cannot concatenate “str’ and °Int’ objects
333 range(s)

Ceocave, Imge; Woriphe, (& 1 1 3, 4]

Lecation: To the left of P33 range(3,6)

G (3, 4, 5]

In (02): trun ythan fy0

Enter & masbar: §

Sqaare of 8 is 28

So, this is an inbuilt command range of 5 so, the output is going to be 0 to 4, not 5 3 comma 6.
So, it is going to be 3, 4, 5 again not 6. So, you also have to remember. So, it does not go all
the way to the b it goes only to b minus 1 ok. So, in this for statement; in each of these iterations

what happens is the value of I is assigned to one of these numbers sequentially ok.

So, initially when the for loop is started. So, the I value is equal to 0 and answer equals to 1
multiplied by 1 because the value of answer is already 1 and in the next iteration. So, again

here sorry ok.
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45 For loops
14
SO an
i@ for <identifier> in <sequence of values>: I-'-‘f 3
N

<code block> I‘ i
NPTEL rargt (lr 4t L

o Identifier assigned to first value of sequence

@ Code block executed

@ Identifier assigned next value in sequence

o Code block executed

o Continues until sequence exhausted

To generate scquence of mlegers

rarga(n] B(
7 range(a, b)

i8Factoripi—ia - i

111!: ’ppuﬂ-‘-i—n._.; a ot \\_.___
ans * B
for /fffn ang g1, x*l}_)_,f/ﬂg ZI( S/ _}I

INE—=9NE

=24
-/prlnl "Factori - LA slr[x] i LA, =L:r(an=},/ f

So, I will explain this program by using an example, where we calculate the factorial of a
number 4 ok. So, here x is equal to four and the answer we have initialized to 1. So, again as |
said before the range command 1 comma 4 plus 1 will give 4. So, these are the values written

by this command.

So, when the loop is initially started i value on first iteration 1 value and answer value you will
see in this table on the first iteration i is 1, answer is 1 right. So, after the first iteration the loop
go goes back again. So, initially, i is assigned 1 after the first iteration i is assigned 2 here. So,
now I equals to 2 and the answer is, answer multiplied by i answer multiplied by oh sorry it
should have been i. So, it is 1* 2 and again the control goes here and this time I assigned a
value 3 on the third iteration i is three and the result is 2 * 3 and on the fourth and final iteration.

So, the value of I is assigned 4 and 6 into 4 24.

So, after the fourth iteration, there are no more numbers in this series of numbers. So, the loop
exits at this point and then it prints the statement factorial of a given number so and so ok. So,

this is the difference between a while loop and a for loop. So, now, let us open this program.
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®

NPTEL

87 ¢ girfans)

Enter & mumbér: 18
Factorial of 10 is JA2860

In [15); frun

Enter a mumber: 3
Factorial of ) is &

So, this is the same program. So, here let us give 10 and the factorial is. So, this big number I

will give 3 factorials of 3 is 6.

Now, we have seen all the basic building blocks required to write any python program. So, they
are types of variables: arithmetic operations, conditional operations, boolean operations and
comparison like if you want to see if a number is bigger or smaller which is greater than less

than and finally, the iterative statements the while loop and for loop. So, with all these tools

you can right now any program that you want um.
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So, I have shown some examples here. So, which is calculating the root of a given number. So,
this program utilizes all the basic building blocks that you have learned so far, starting from
different variables to the iterative statements. So, to understand the problem, let me explain

what we are going to do here ok. So, we all know what Newton Raphson method is right.
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§-,.°>I“ A complex example: Newton - Raphson Root finding

o A numerical methad to find roats of a polynomial.

NPTEL

plx) = apx" 4 apyx™ b b a4
@ We need to find r such that p(r) =10
@ For example, to find the square root of 15, we need to find the root of IJ LY,
plx) = X - 15 m
@ Newton showed that, if g-+s-an approximation/guess to the raot, then ‘
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is better approximation, where p is the derivative.

So, according to Newton Raphson method. So, if you have a polynomial p of x of this form
and if you want to find a solution for this polynomial solution is r such that p of r equals 0. For
example, let us take a polynomial or for example, in this example we wanted to calculate the
root of a number x. So, in order to find the root of the number so, we so, let us say sorry. So,
for example, if you want to calculate the root of a number a right and let us assume the root is
the x ok. So, if the square root of a is x then x square minus a equals to is going to be 0 right.

So, we are using this principle to calculate the square root of a number.

So, for example, if you want to calculate the square root of a number 15. So, we have to solve
this polynomial 12 — 75 = ¢ ok. So, this is our polynomial and according to Newton
Raphsons method. So, for this x square minus 15 equals 0 let us say we have a guess for x ok.
So, since 15 is closest to 16. So, the root can be 4 or root cannot be 4, it will be closer to 4 or

it will be closer to 3.

So, initially we have to make a guess what could be the solution for this equation we can say 3
is the closest approximation to the actual solution and according to Newton Raphson method

if this is your guess this is going to be much better guess than what you already guessed ok.



So, the modified guess is given by g minus p of g by substituting this guess in your actual
polynomial divided by substituting again this guess in the derivative of a polynomial right. So,
this is the basis of Newton Raphson method and let us try to use this approach to calculate a

square root of a given number ok.
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3 i ’
g%ﬁg Newton - Raphson contd... s 45§ o

o Simple example; ¥ = k I
NPTEL o First derivative 2x F |’1) £22

So, as we have seen before, let us say k is your given number and you want to calculate at the
square root of this polynomial. So, for this we have to use this equation 12 — [] = (. This is

our(]([])and the derivative of p of x p dash of equals to 2 x right.
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So, now according to Newton Raphson method. So, you if you have a guess. So, you can have
a better guess by substituting your new guess or we let us say g dash equals to g minus g square

minus k divided by so on, so, this equation.
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So, this is the program that computes our square root and I will explain what each of these lines
of this program is doing. So, let us say epsilon is a number. So, what epsilon does is? How

close you want to find the root to the actual root ok.

So, if the square root of 16 is 4, how close do you want to find? How accurately do you want
to find 4? Whether you want it if you are maybe you or are you satisfied if you get 9 9 0 or are
you satisfied if you get 9 9 9 0 ok. So, how accurately we want to find the root is given by this

epsilon ok. And this statement as you all know we are taking input numbers from the console.

And we can also find square roots for a float type of number. So, this can be either integer or
it can be a float value ok. And so, how do we get a reasonable guess ok. So, what is a good
starting point to guess what could be the root? So, a good point to start the guess is to start if
you want to find the root of number 15, you can start by 15 by 2 ok. In most of the cases; so,

half of the number is a good starting point to calculate the square root.

So, in this case we have said the guess is half of the actual given number and here we are using
the while loop to calculate the square root of the number ok. So, in this while loop what is

happening is. So, for example, guess is our actual root in this example let us assume. So, you



actually guessed the solution right away for example, if you want to find the square root of 16
and you guess it is 4. So, guess square which is 4 square minus actual number 16 is greater
than a or equals to your epsilon which is true and it would not execute this block of statements

and your result is already given ok.

On the other hand, if you have guessed the square root to be 2 ok. So, now what happens? 2
square 4 minus 16 which is 12 and the here absolute command calculates it converts negative
to positive numbers, it takes only positive numbers. So, 12 is greater than equals to your epsilon
so, which is true. So, it goes into this while loop and your guess is updated by this equation ok.

So, your previous guess was 2 right.

So, now what you are doing is replacing your previous guess to minus guess square which is
minus 12/ 4. So, which is going to be some other numbers ok. So, we come back here. We use
the new guess to calculate this check and then we keep updating the value of guess and until

finally, this condition fails which means we have approached very close to our solution right.
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?-,.‘?’.“' Vector data types: Lists
Feds

- B = _

3,\.??} List: square brackets

11 (1, 2, "Lens"]

priat 11

12 = [11, "Focus®)

print 12

t13 = 11 + 12 #Concatination
print 13

print (11+13)[3) slndexing

NPTEL

And after that we stopped the iteration and then finally, we print this is the approximate yeah

solution yeah ok. Now let us just open the program ok.
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NPTEL T quess = puess - ((guessiel-y)/ (2 juess))
L]
Bprint “Square roon of = + ate(y) +

Erter a rumber: §
Factorlal of 3 15 &

In (18] frun "0 \Pythen Intra\ewton.p

Enter & pasitive muasber: 16
Square root of 16.9 is spprouimately 4.001219512¢

In C071: Trun "0:\Pythen Tntre\Rewton.o

Enter a positive rusber: 18
Square root of 16.8 iy wprovisately 4, 0001850

1n [18]

So, this is the same program and let me run it. So, we will give 16, \/74 is approximately

4.00012. So, if I increase the epsilon I mean if I make it even more closer. So, if I give the same

16, it is going to be even more accurate ok. So, you can change your accuracy just by changing

the value of epsilon.
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Enter a positive rumber: 18
Sgare reot of 16.8 s appronimately 48012005122

In [0 Srun "D:\Python Intre\Newion.p

Enter & positive musber: 16
Sare root of 16,9 13 approuimately 4.0000014504

In [18): Trun “B:\Python Inirs'Newton. oy

Enter a positive rumber: 18
Sqaare root of 168 is mpronisately 40012005121

In [19]

I hope all of you understood. So, whatever is explained so far, so we have seen whatever is

necessary to write a simple program in python. So, in the next class we will see a vector data

type and plotting and num pi library of python. So, that is it.
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	And we have seen comparison operations can be performed on integers or floats ok. You cannot compare true or false with each other. We can compare using equals to, but not the other greater than and less than. So, now, we will see what are the differe...
	Similarly, for a or b it is only false when both are false and in all the other 3 cases it is going to be true. Not a is going to flip I mean; if it is true it is going to make it false and if it is false it makes it true ok. And also we can use these...
	(Refer Slide Time: 24:57)
	So now let us see what strings are in python. So, string is nothing but a sentence or group of characters that we write in python. For example, in a python the string always should be enclosed in double quotes or you can also use single quotes. So, bo...
	(Refer Slide Time: 25:40)
	.
	And let us see some of the operations that we can do on strings. So, this is one operation that can be done on string. So, here what happens is as we have declared earlier. So, the variable Uni is assigned with a string called IIT Madras. When I say m...
	So, here another thing I want you to notice. So, this hash symbol. So, in a python program if you want to write a comment. So, which should not be executed in your program, you can use this hash symbol and you can write anything after that that will n...
	So, if you use these comments it will be easy to find out what your program is doing. Another way of writing comments in python is using three quotation symbols and you can write your state comments here and then close again with 3 single quotes. So, ...
	And now there is another operation this was also seen in the first slide. So, which is a string keyword. So, what this does is; it takes the number 633, it converts it into a string 633 and it joins this to the previous string and it makes a single st...
	(Refer Slide Time: 27:43)
	.
	So, I want to emphasize here the key difference between python and MATLAB here is in python. So, the indexing starts from 0. So, what do I mean by indexing is so, the counting I mean; how do we count the numbers of a string. So, the counting starts fr...
	So, for example, if you want to print a particular character in a string like tenth character or first character. So, we can use this square braces and inside the square graces we can give what is the index of the character that we want to print out. ...
	Similarly, another important thing in python is you can if you do not know the length of a string for example, you do not know if there are 40 characters or 100 characters, but if you want to know what is the last character. You can use this minus 1. ...
	You can also group I mean you can also index groups of characters like seventh to thirteenth or first to fifth character using this command. Here you use the starting index and the new semi colon and the last index. So, here seventh to thirteenth char...
	(Refer Slide Time: 29:31)
	So, now let us try some of these in the python shell ok. So, it is a variable that is storing the value of a string that is optical engineering. So, now let us see what happens when I say. So, now, the optical integrating string has been made into a b...
	So, now if you tried to print. So, now, the value of the string is modified ok. And we have seen the concatenation and multiplication. Now we will see if we can convert numbers to strings and then add to I ok. So, now, it has added a 2019 character to...
	(Refer Slide Time: 31:18)
	So, now we have seen different types of operations on strings. Now let us try to write some simple programs ok. So far what we have been doing is we are opening this python shell and then we are typing different commands arithmetic or comparing whatev...
	(Refer Slide Time: 31:59)
	For example, so, you can open this editor and you can open a new file and you can write all of your program in this file and then you can execute the whole program one at once instead of executing one after another ok.
	So, in order to open this program; I hope you are already installed, go to enthought and you can open this code editor. So, when you open this code editor it will open like this. So, here you can start writing your programs for example, I will write a...
	So, before going to this program, I want to introduce another important thing. So, in some of our applications or you know some of our programs. So, we want to take input from the user or we want to add some numbers into our program. So, that the prog...
	So, in python; so, there is this command that we use to enter value into the program ok. So, the main command is raw underscore input. So, raw underscore input takes your data from the console and then if you know if for example, you can give whatever...
	So, in this example what we are going to do is to calculate the focal length of a lens ok. So, the focal length of the lens is given by in order to know the focal length of the lens you should know it is the radius of curvature and the material of the...
	So, now we are writing a program to calculate a focal length. So, given the values of radius of curvature 1 and radius of curvature 2. So, in the first line, we have declared the refractive index n to be 1.5 and this value we are keeping it constant a...
	So, you can also in the raw input command, you can give a string. So, what happens is when this executes. So, this statement will be prompted on the screen. So, that you will know what is the expected value from you. So, if you do not include this str...
	So, to understand this program and this is the formula that we use to calculate the focal length and capital F is this and in order to know the focal length we just have to calculate 1/F. And finally, we want to print the focal length of the lens so a...
	(Refer Slide Time: 35:47)
	So, now let us go back. I have already written this ok. So, now, let us try to run this. So, here at the bottom if you see it is asking for the radius of curvature let us give some value and it is asking for the radius of curvature for the second surf...
	(Refer Slide Time: 36:14)
	So, what if I remove this line here ok. I just gave raw input and then this raw input is being converted into float. So, if I run this program and it is not asking to enter the radius of curvature of the lens, but it is just blinking it is waiting for...
	So, now let us give some other value. So, now, I have again calculated the focal length and the value is 8.33. So, you can write any kind of string inside this and now we will run it. So, it will just say enter R1. So, this is the focal length yeah.
	(Refer Slide Time: 37:12)
	So, I hope by you understanding, you all understood how we write a simple program and how it runs in python. And these are the observations that I want you guys to make at this point. So, as I have said before, this hash symbol is used to write commen...
	(Refer Slide Time: 37:56)
	But what if you want to execute a particular part of your program when a particular condition is met ok. So, for example, you have two radii of curvature values. So, you want to use one formula if you all know there is a thick lens and thin lens right...
	So, in order to do that kind of branching in your program; so, we need something called conditional statements or branching statements ok. So, we all know what conditional statements from other programming languages the if and else statements are ok. ...
	So, you write a test case if the test is true. So, you will write this, you will execute this bunch of code and if the test is fall you will run another bunch of lines and finally, you will go to the next part of your program ok.
	(Refer Slide Time: 39:20)
	So, in order to understand this, I want you to see this program. So, here what we are doing is we are asking the user to enter a number and we want to check if it is an even number or an odd number. So, in order to check if a given number is even or n...
	So, the same thing we have converted to writing a simple python program. So, here what we are doing is we are using raw input commands to take the value from the user and we want to convert it into an integer here rather than a float like before and h...
	So, here we want to say it is an even number and we use this command and if this condition is not true. So, the program will come to the else statement and in the else statement we want to say x is an odd number. And finally, we after these two are ex...
	(Refer Slide Time: 41:00)
	So, this is the same program I have shown before. So, if I run this, so, if I give for example, 25. So, 25 is an Odd number what happened here. So, it calculated 25 percentile to since it is not equals to 0, it does not go into this branch and it goes...
	So, after you write the statement if you press enter. So, the cursor is still at this point, it has not moved to the starting point. So, instead of writing else here if you write else. So, it would not work ok. So, if you in order to write the else st...
	So, you have to move to the starting ok. Or else I will demonstrate what happens if you are ok. So, now, we have seen, if you do not write it here for example, if you write this statement inside an else statement if you execute. So, we gave an even nu...
	Similarly, if you give an odd number, since this is an odd number and the program is going inside the else block and it is printing both of these statements ok. So, you always should keep in mind where your next statement is going. Whether you want to...
	yeah So, these are the observations that I want you guys to make at this point. So, the percentile operation is used to calculate the reminder and this double equal is used for comparison and single equals to is used for assignment and indentation is ...
	(Refer Slide Time: 43:50)
	So, now that we have seen conditional statements; so, let us try to write another example program. So, in this example, we are trying to model what happens when an object lies at a distance x from your lens, so ok. So, we all know based on the object ...
	So, this is the program I want you guys to open. So, the user has to ender the focal lengths of the lens and the user has to enter the object distance, which is this distance. So, based on these two values so, it is going to say if the image is going ...
	(Refer Slide Time: 44:54)
	So, I will quickly run this program; so, we will just give some focal length 10 and object distance 25. So, with these parameters, the lens is convex because the focal length is positive. We know the focal length if the focal length is negative it is ...
	So, the program is giving you based on the value of focal length and let us try to give some other values maybe minus 5 and 20. So, here the lens is a concave and the image is going to be to the left of the lens and it is upright and it is again a dim...
	(Refer Slide Time: 45:47)
	So, now let us go to iterative statements. So, as I said before if you have a block of code that you want to run multiple times instead of copying the same code. So, many times you can use these iterative or looping statements.
	So, in python then we have two different types of loop statements one is the for loop and the other one is while loop. So, this is how the iterative statements in python works. So, you have a block of code and after the block of code you have another ...
	So, how many, what is the iteration number? So, if you want to exactly run 10 numbers of times it should keep track of the iteration right whether it is the first iteration or second iteration. So, for that there is a test to see what is the iteration...
	(Refer Slide Time: 47:01)
	So, here I have shown an example of a while loop. So, while loop what it does is so, the key word key word to use a while loop is a while and then this is the condition as I have said we have a test condition, so, this is the test condition. Based on ...
	So, in this program I want to calculate the square of a number. For example, if you give a number a. So, I want to calculate a square right. So, how I did this in this program is. So, for example, a square, so a square can be given by so, adding a, a ...
	So, as I have said before you can also use this double star operation. So, just to demonstrate how to do a while loop I have written this program. So, here initially we want to take the number that we want to calculate square. So, I use this command a...
	And the number of iterations as we are seen here, if you want to calculate 5 squares. So, it has to add 5, 5 times. Similarly, if you want to calculate 10 squares you have to add 10 times 10 numbers to itself ok. So, we have the number of iterations h...
	So, the condition here is so, the number of iterations left equals if it is not equals to 0 and we go back and then we add the answer to the number itself ok. And then we decrement the number of iterations by 1. So, now, I will explain in the case of ...
	Now, the answer is 3 and in the next statement we are reducing this value to 2 ok. So, again we come back to the while loop and we check if this value is equal to 0 or not. Since 2 is not equal to 0. So, it again comes back into the while loop again w...
	And again we go back to the condition we check 1 is not equals to 0, we again go back in the while loop and this time we add 6 plus 3 so, going to 9. And we decrement the value of iter equals to 0. We again come back to this point and we check 0 not e...
	(Refer Slide Time: 50:55)
	And these are the observations I want you guys to make at this point. So, for an iteration to work you always have to set the iteration number of iterations out outside the while loop ok. You cannot set this variable inside and cannot say the number. ...
	And another thing is that the test variable should be decremented. So, here this is the test variable, we are testing the while loop based on this variable and this should be decremented inside the while loop for example, if you do not decrement here ...
	So, your teste variable will fail at some point of time. So, if it does not fail the program is going to execute an infinite number of times. So, that is a second observation and yeah ok. So, these are the observations I want you to make in the case o...
	(Refer Slide Time: 52:01)
	(Refer Slide Time: 52:15)
	So,. So, let us give 5 and the square of 5 is 25, let us run it again and give some other number. So, 225 is the square of 5 oh sorry, 15 yeah. So, now, we have seen a one type of iterative statement which is a while yeah.
	Student: (Refer Time: 52:39).
	Yeah Please. So, the next type of iterative statement is a for loop. So, for loop for loop is a little different from while and this is the syntax for using a for loop ok. So, for loop followed by some variable name and they should be in a series of s...
	(Refer Slide Time: 53:00)
	So, what happens here is. So, to see this I will show some examples. So, here the example that we are seeing is to find the factorial. So, factorial of a number 5 is given by 5 into 4 into 3 into and so on until 1. So, this is how you calculate a fact...
	So, again we have used this raw input command to take a number from the user and initialize the answer to 1 ok. And finally, we store our final result again in this variable, but we initially declare it has 1. So, this is the syntax for loop. So, in t...
	Similarly, if you say range of a comma b. So, it will generate a series of integers a to b minus 1 ok. So, to verify this let us just go back to our python shell again.
	(Refer Slide Time: 54:19)
	So, this is an inbuilt command range of 5 so, the output is going to be 0 to 4, not 5 3 comma 6. So, it is going to be 3, 4, 5 again not 6. So, you also have to remember. So, it does not go all the way to the b it goes only to b minus 1 ok. So, in thi...
	So, initially when the for loop is started. So, the I value is equal to 0 and answer equals to 1 multiplied by 1 because the value of answer is already 1 and in the next iteration. So, again here sorry ok.
	(Refer Slide Time: 55:23)
	So, I will explain this program by using an example, where we calculate the factorial of a number 4 ok. So, here x is equal to four and the answer we have initialized to 1. So, again as I said before the range command 1 comma 4 plus 1 will give 4. So,...
	So, when the loop is initially started i value on first iteration i value and answer value you will see in this table on the first iteration i is 1, answer is 1 right. So, after the first iteration the loop go goes back again. So, initially, i is assi...
	So, after the fourth iteration, there are no more numbers in this series of numbers. So, the loop exits at this point and then it prints the statement factorial of a given number so and so ok. So, this is the difference between a while loop and a for ...
	(Refer Slide Time: 57:25)
	So, this is the same program. So, here let us give 10 and the factorial is. So, this big number I will give 3 factorials of 3 is 6.
	Now, we have seen all the basic building blocks required to write any python program. So, they are types of variables: arithmetic operations, conditional operations, boolean operations and comparison like if you want to see if a number is bigger or sm...
	(Refer Slide Time: 58:06)
	So, I have shown some examples here. So, which is calculating the root of a given number. So, this program utilizes all the basic building blocks that you have learned so far, starting from different variables to the iterative statements. So, to under...
	(Refer Slide Time: 59:43)
	.
	So, according to Newton Raphson method. So, if you have a polynomial p of x of this form and if you want to find a solution for this polynomial solution is r such that p of r equals 0. For example, let us take a polynomial or for example, in this exam...
	So, for example, if you want to calculate the square root of a number 15. So, we have to solve this polynomial ,𝑥-2.−15=0  ok. So, this is our polynomial and according to Newton Raphsons method. So, for this x square minus 15 equals 0 let us say we h...
	So, initially we have to make a guess what could be the solution for this equation we can say 3 is the closest approximation to the actual solution and according to Newton Raphson method if this is your guess this is going to be much better guess than...
	(Refer Slide Time: 60:47)
	So, as we have seen before, let us say k is your given number and you want to calculate at the square root of this polynomial. So, for this we have to use this equation ,𝑥-2.−𝑘=0. This is our𝑝(𝑥)and the derivative of p of x p dash of equals to 2 x...
	(Refer Slide Time: 61:08)
	.
	So, now according to Newton Raphson method. So, you if you have a guess. So, you can have a better guess by substituting your new guess or we let us say g dash equals to g minus g square minus k divided by so on, so, this equation.
	(Refer Slide Time: 61:25)
	So, this is the program that computes our square root and I will explain what each of these lines of this program is doing. So, let us say epsilon is a number. So, what epsilon does is? How close you want to find the root to the actual root ok.
	So, if the square root of 16 is 4, how close do you want to find? How accurately do you want to find 4? Whether you want it if you are maybe you or are you satisfied if you get 9 9 0 or are you satisfied if you get 9 9 9 0 ok. So, how accurately we wa...
	And we can also find square roots for a float type of number. So, this can be either integer or it can be a float value ok. And so, how do we get a reasonable guess ok. So, what is a good starting point to guess what could be the root? So, a good poin...
	So, in this case we have said the guess is half of the actual given number and here we are using the while loop to calculate the square root of the number ok. So, in this while loop what is happening is. So, for example, guess is our actual root in th...
	On the other hand, if you have guessed the square root to be 2 ok. So, now what happens? 2 square 4 minus 16 which is 12 and the here absolute command calculates it converts negative to positive numbers, it takes only positive numbers. So, 12 is great...
	So, now what you are doing is replacing your previous guess to minus guess square which is minus 12/ 4. So, which is going to be some other numbers ok. So, we come back here. We use the new guess to calculate this check and then we keep updating the v...
	(Refer Slide Time: 64:39)
	.
	And after that we stopped the iteration and then finally, we print this is the approximate yeah solution yeah ok. Now let us just open the program ok.
	(Refer Slide Time: 64:45)
	So, this is the same program and let me run it. So, we will give 16, ,16. is approximately 4.00012. So, if I increase the epsilon I mean if I make it even more closer. So, if I give the same 16, it is going to be even more accurate ok. So, you can cha...
	(Refer Slide Time: 65:13)
	I hope all of you understood. So, whatever is explained so far, so we have seen whatever is necessary to write a simple program in python. So, in the next class we will see a vector data type and plotting and num pi library of python. So, that is it.

