Computational Mathematics with SageMath
Prof. Ajit Kumar
Department of Mathematics
Institute of Chemical Technology, Mumbai

Lecture — 18
2d Plotting with SageMath

Welcome to 18th lecture on Computational Mathematics with SageMath. In this lecture

we will look at how to plot graphs in 2d using SageMath.
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Example: Let us plot the graph of f(x) = xcos =

"
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So, first of all you can look at this reference manual from sage website. So, for example,

it is a reference manual on plotting.
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So, if I click on this, it will open a reference manual which is Sage 9.1 Reference Manual

for 2D Graphics.
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And if you go through this, this is 458 pages reference manual and this will give you all

possible plotting in 2 dimensional space.
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So, you have for example, general 2D plotting then functions and data plot of other
mathematical objects basics shapes and then you also have some graphics, graphics array
and things like that.
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So, you can refer to this reference manual for more details. So, let us look at our worksheet.
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8 Plotting 2d graphs in SageMath
&) Graph of explicit functions

Example: Let us plot the graph of f(x) = xcos +

f(x) = x*cos(1/x

f.plot()
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So, first thing is let us plot graph of a function which is explicitly defined that is y = f(x)
and f(x) is explicit explicitly defined in terms of x. So, for example, let us look at a function
f(x) = x = cos(1/x) and let us plot graph of this function. We have already seen
plotting graphs using matplotlib so in fact, you can also plot graphs using matplotlib from
sage worksheet itself. So, let us look at how do we plot this graph. So, first you need to
define this function.

So, let us define f(x) = x * cos(1/x) and then in order to plot this graph again you can
use f dot tab and you will see an option called plot. So, if I say f dot plot then it will plot

graph of this function in the interval -1 to 1. That is the default interval it will take since



we have not specified any interval here, it will take -1 to 1 and it plots the graph in blue

color and it has some default options.

(Refer Slide Time: 03:02)

tertab X @ Swed Reference Manuat 200 X | 4 = 0 X
C O locahostsse/eb ax 2@
# Apps M Gmal @ YouTube @ Maps @ ThePyhonmatnhL @ Python Numpy Tut

 File Edt View Run Kemel Tabs Settings Help

™ [ Launcher X | N CMSM_Lecture3-3ipynb @
B+ XD » mC » Cde v SageMatn 9.1 O
: — =1 G / "
o -1 0.5 \j ' “U 0.5 1
B
0.2
L
04
O
l © fuplot(-0.1,0.1) L

v
@‘ ©  SageMath 9.1 |Idle Saving completed Mode: Command @ Ln1, Col 1§
TER Type here to search 0 Hi i n a ¢ e L E @ ~ b g

So, if you can also give the domain in which you want to plot. So, for example, let us say

if I want to plot graph near 0, then we can mention the interval from -0.1 to 0.1 (‘f.plot(-
0.1,0.1)").
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So, this is a graph of the same function in the domain -0.1 to 0.1.
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] l plot(f, (x, -6.1,8.1))

Plotting multiple graphs together
Example: Plot the graph of y = xcos |/x,y = xand y = —x together
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So, you can also plot graph of this the same function using plot function and inside that
you give the name of the function and then give the domain inside round bracket. So, x

varying from -0.1 to 0.1.
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So, that is another way of plotting graph. Now you can change the various options of this
graph. For example, you can change the color, you can change the plot style, you can

change the thickness, you can make gridlines all such options also exist.
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So, you can for example, look at help on plot. So, if you say plot and then question mark
then it will open an inbuilt help manual or you can say double question mark. So, you can
go through the help document on plot which will also tell you what are the other options
that you can use along with plot.

So, suppose for example, if I want to reduce the figure size by default it gives you figure
let us say like this which looks quite big on the screen, suppose you want to reduce the
figure size you can mention the width you can mention the height. Let me mention only
one parameter for the time being | can say figsize = 4 and then it will reduce the figure

size. So, depending upon what size do you are looking for you can change the size.
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You can also change the color. So, suppose if | say color inside this plot, if | say color and

inside single quote green or you can also give double quote if I say green then it will plot

in green color (color =’green’). So, this graph is in green color because we supplied this

option green.

(Refer Slide Time: 05:26)

pterlab x
C O localhost
B Apps M Gral @ YouTube @ Maps

w Fle Edt View Run Keme

Q swe

ReferenceManuat 20 X | 4

© Theponman L @ Phon oy Tut

Tabs Settings Help

™ [ Launcher X | W cMsM_Lecture3-3.ipynb
B+ XDODO» mC» Cde v
17V QA v
0 \/ 0.06
/
-0.08
B
plot(f, (x, -8.1,8.1),figsize = 4,color =
‘o
\ 0.08
|
0.06
0O \ {\
|
%
01 !
/ -0.06

@‘ © SageMath 9.1|Idle

SPTER Type here to search

'green’, gridlinessTrue

_—

Saving completed

ctBaRECTES

anx »@Q:

SageMath 9.1 O

Mode: Command  ® L1, Col 1

~ & ol

Now, suppose you want to also put gridlines. So, you can say gridlines = True, this

will add gridlines. Of course, it will put gridlines default gridlines, but you do have an

option to put grids at whatever interval do you want. So, you can look at plot options by

getting help on plot and look at how you can change the gridlines.
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* ' plot(f, (x, -6.1,8.1),figsize = 4,color = 'green’,thickness=0.5,linestyle="--", title='Graph of xsin(1/x)')

Plotting multiple graphs together

Example: Plot the graph of y = xcos |/x,y = xand y = —x together.
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Similarly, you can more give more options for so, for example, if I want to reduce the

thickness by default the thickness is 1, if | let us say thickness

the thickness and let us say we want to plot linestyle like dash dash (linestyle =" —

So, it will plot dashed linestyl
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So, here the title is graph of x *cos(1/x). So, that is the other options. So, it you can see

here this thickness has reduced, it has also given the title of this graph and it is also plotting

in dash linestyle.
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ou can mention colon here inside this linestyle you can say

colon and then it will give you dotted line.
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properly, let me give the thickness default value which is 1

now you can see here this is the dotted. So, you can explore other options inside this plot

and do all kinds of annotation

window.

s. Now suppose you want to plot multiple graphs in the same



So, for example, we have plot a graph of y = x * cos(1 / x) and suppose inside this graph

we want to add graph of y = x and y = -x. How do we do that?
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Plotting multiple graphs together

Example: Plot the graph of y = xcos |/x,y = xand y = —x together.
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So, this is again very simple the one way to do is first plot this graph and store it in f. So,
plot f from -0.1 to 0.1 figure size is 6, the color is green and we will also put legend so,

that we can distinguish which curve represents which function.

So, that is the legend label. So, let us store the graph of the function f(x) in p and then let
us plot graph of x this function is x and this is in red color and level isy = x that is in p1
and then in p2, let us plot graph of y = -x and this in black color and the legend is y = -x.

Now, what you need to do is just write p + p1 + p2. So, what it has done is it has plotted
this graph and stored in a variable p, in object p and similarly p1 and p2 and when you add
all these things together p + pl + p2 it will give you the graph of all these functions
together. So, that is how the graph looks like.
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So, this is red is y = x and black one is y = -x and this green one is y = f (x) that is the

legend. Again you can change the position of this legend depending upon the space.
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So, for example, if | want to reduce the figure size, | can also ask it to show and then in
the bracket | can again | can say figsize = 4. So, then it will reduce the figure size. You
have an option to give figure size inside plot or you can also give figure size inside show
function. Let us look at the next example.
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Suppose, you have functions which are defined in pieces what we call as piecewise defined
function. So, for example, let us say if I have a function f(x) which is 1 + x*3 in the interval
O0to1land 1+ xintheinterval -1 to 1 and we want to plot graph of this function. So, it has
an inbuilt function called piecewise you can look at help on piecewise, piecewise question
mark and the way if one needs to define is you have to define all the pieces inside square

bracket that is you have to make a list.

(Refer Slide Time: 09:59)

C O locahost ax »@Q:

= Fle Edit Vew Run Kemel Tabs Settings Help

| @ launche X | [ CMSM _Lecture3-3ipynb @
B+ XD DO » m C » Markdwnv SageMatn 9.1 @
- T N .

0

Piecewise functions
B
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So, and then the first part is the first component which is between 0 to 1, it is defined as 1
+ x”3 and in the second piece it is defined from -1 to 1 it is defined as 1 + x. Though here

it is written as square bracket -1 to 1 and here itis O to 1.



So, this is open bracket alright. So, here also one should make these changes or let me
write here 0 to 1. So, that is the function which is defined now. So, I think there is a problem
because at 0O it is defined two different values that is why it is a problem. So, let me define
this as 0 to 1 itself and then how do we plot this graph? So, you can simply say f dot plot.
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So, it will plot graph. So, you can see here from -1 to 0 this is this component and from 0
to 1 it is this component. So, that is the how you can define piecewise functions and you

can plot this graph.
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Of course, if you try to plot between let us say -2 and 2, then it will not work because this

f is not defined outside -1 to 1.
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So, that will give you an error you can see it will give you it says that these points are not
in the domain though it is plotting. So, let us make it from -1 to 0.

(Refer Slide Time: 11:52)

¥ Jupytertad X @ Swed!ReferenceManuak 207 X | 4 - 0 X
C O locahost888g/lab ax »@Q:
i Apps M Gal @ YouTube @ Maps @ ThePyhonmainh @) Python Numpy Tut

w Fie Edt View Run Kemel Tabs Settings Help

™ [ Launcher X | W CMSM _Lecture3-3ipynb @
B+ XDDO» m C » Markdwnv SageMath 0.1 @
0 Loy=fx) \
—y=x
—y=X
8 :
% Piecewise functions

Example: Plot the graph of the function f(x) which s | + * in [0, 1] and | + xin [~1,0]

O
f = piecewise([((0,1), 1+x*3), ([-1,8], 1#x)]);
» f.plot(-1,0)
"
@' ®  sageMath 9.1 | Busy Saving completed Mode: Command @ Ln3, Col 2§

HPTER Type here to search ot AR CETE® i



(Refer Slide Time: 11:56)

Z lwyelab X @ Swge ! Reference Manuat 20 X |

» C O localhost888é/lab
1 Apps M Gmal @ YouTube @ Maps @ ThePpronmati @ Python Numpy Tut

File Edit View Run Kemel Tabs Settings Help

-0 x
ax »@Q:

SageMath 9.1 O

:
== gy

B+ X 00O »n C» Markdwnv
0 08
B 06
%
04
O
02
*
1 08 26 04 02
3 "o
( 1 @  SageMath 9.1 |Ide Saving completed Mode: Command @ Ln3, Col
WPTER Type hereto search o B wWmCEET ® sk

So, similarly suppose you are -1 to 1.
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Suppose, you want to define a function which is defined in three pieces.
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f.plot(-1,2.5)
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So, let us say you have an example f(x) which is equal to -1 between -1 and 0.5 equal to
1 — x”"2 between 0.5and 1.5 and 2x*3 — 3 between 1.5 and 2.5.

So, again you can define it in a similar way as we have done here you have to have one
more component, but you can define them separately and then combine together that also
you can do. So, | have defined f1(x) = -1, f2(x) = 1 — x"2, f3(x) = 2*x"3-3.
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So, this is 2x"3 - 3 and then you say f is equal to piecewise and in the first this is the first
component the first you need to give the interval and then the f1, the next one is the second
component and the third component and everything is defined inside a list. So, it is a list

of each pieces and then we can simply say f dot plot and from -1, 2.5 (‘f.plot(—1,2.5)").
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So, that is the graph of this function. Now you can see here this let me plot only up to 2.
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So, that this will look slightly better this is slightly better, but you can see here from this
piece to this piece there is a jump and that jump is indicated by this vertical line though

vertical line is not part of this graph.

So, there is a way to tell sage that do not plot these vertical lines. Similarly, this vertical
line and this vertical line you can you can suppress these vertical lines and the way to do

IS you can mention exclude.
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f.plot(-1,2.5,exclude = [0.5,1.5],figsizes5)
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Exclude what should it exclude? It should exclude the points at 0.5 and at also at 1.5 and

then if you plot this then you will not see these vertical lines, that is what you can see here.
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So, those vertical lines are gone only these pieces are shown.
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So, you can also for example, plot graph of floor function. So, this is greatest integer

function.
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And so, this is the graph of greatest integer function they are just also known as step
function and inside this we can plot graph of another function which can get inserted inside
this.

So, what is that? | have this is the graph of this floor function floor x from -5 to 5 and f2

is a graph of floor function from -5 to 5 and with this condition 2 excludes this integer



points from -4 to 5; that means, this will exclude the integer points that is why you dont

see these vertical lines.

And then what you need to do? In f2 you are inserting f1 i.e. graph of f1 and you need to
mention the position. This position will be in terms of a scaling factor in terms of x axis,
y axis, height and width. So, if I plot this in this main plot that is this step function, it is
inserting another step graph of step function. So, and you can insert maybe one more. So,
maybe try to insert something here and as an exercise try to insert, let us say graph of

ceiling function in this particular region.
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Now, suppose you want to define graph of function which is implicitly defined y and x are
defined implicitly. So, for example, let us look at this example we want to define or plot

graph of a function which is defined by x"n + y*n = 1 for various values of n.
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var(,y"
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£(x,y) = X*n4y*n-1
implicit_plot(f,(x,-2,2),(y,-2,2),color="rosybrown"')
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For various values of n. So, for example, if n =1, it will be x + y = 1 which is straight line

A b
!m

ifx=2,x"2 + y*2 = 1 which is a circle and things like that.

So, let us look at how we are going to plot. So, first we will define this x and y as two
variables. So, earlier we had y equal to f(x) explicit function, now I have implicit function.
So, y is also a variable. So, first we need to declare x and y variables. As I said in the last

class x by default is thought of as a variable in sage. However, it is good idea to redefine

that because in case you have stored x as some value then it may conflict.
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So, now let us say we want to plot forn = 1 and f(x) = x™ + y™ — 1, thisis -1 and
then implicit underscore plot that is the name of the function which you can use. So, again
you can see here implicit function this is combination of two words and in SageMath this

is defined as it is combined as giving underscore in between these two keywords.

So, the what are the arguments? A plot implicit underscore plot f(x) varying from -2 to 2
and y also varying from -2 to 2, color | am just taking another color called rosy brown.
And there are several colors which are available | will show you in a minute and let us first

plot the graph of this function.
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So, that is the graph of the straight liney = 1.
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If | take n = 3, then let us see, what we are going to get? We will get this kind of curve.
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And if | take for example, n = 4, then this is not a circle, but it is a square with rounded

corners and if | taken = 5.
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n = 5 then again you will see this curve. So, that is how you can plot this implicit curve

for various values of n.
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For example, if | take n = 100, now in this case it is almost like a square.
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If | take 101, then it will be again open curve. So, you can explore various values of this

and of course, you should try to see why you are getting graph when n is even, you are

getting closed curve whereas, n is when n is odd you are not getting a closed curve.

(Refer Slide Time: 19:24)

C' O localhost
s M Gnal @ Youlbe @ Maps ) Thedymonmat i @ PythonNumpy T

~ File Edt View Run Kemel Tabs Settings Help

ax »Q:

n [ Launche X | N CMSM _Lecture3-3ipynb @
B+ XDODO» m C » Cue SageMath 9.1 O
o 0.5
-1
[
15
[
¥ 2
T T r T T T T
2 15 1 05 0 05 1 15 2
O
var('x,y")
pit = []
* for i in range(1,5):
n=i
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So, suppose we want to plot for example, graph of this for n =1 to 5 all these together. So,

we can use simple for loop. So, we can again define the variable x and y and let me create

an empty list and inside this list we will keep on adding this plot for n

3upton = 4orn = 5 letus say.

1,n =2,n



So, let us say we want it up to 5. So, for i inrange 1 to 6 letus say i = n, f(x) is defined
like this and then the same thing which we used earlier inside this we are saying p =
implicit plot this. The color is taken from this color list, I will show in a minute what we |
am doing and then you append this in the plt list and then at the end you sum all of these
together then you will see this all these graphs together.
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So, you have for n = 1 straight line, for n = 2 it will be a circle which is in somewhat
in light blue color. So, it is not visible let me change this something here is instead of this,
I will make it let us say 10 and then see whether it improves yes now you are able to see

the circle also.
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So, if you want to make use of different colors there is an you can look at colors and these

colors are defined as a dictionary.
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g
colors

{'automatic': RGB color (8.6784313725490196, ©.8470588235294118, ©.9019687843137255), 'aliceblue': RGB color (8.94117647
05882353, 9.9725430196078431, 1.8), 'antiquewhite': RGB color (0.9803921568627451, 0.9215686274509803, 8.843137254981960
8), 'aqua': RGB color (0.8, 1.8, 1.9), 'aquamarine': RGB color (0.4980392156862745, 1.8, 0.8313725498196679), 'azure': R
D GB color (2.9411764705882353, 1.8, 1.6), 'beige': RGE color (8:9507843137254902, ©.9607843137254502, ©.862745098039215
7), 'bisque’: RGB color (1.8, ©.8941176470588236, 0.7686274509803922), 'black': RGB color (9.8, 0., ©.8), 'blanchedalmo
nd': RGB color (1., @.9215686274529863, ©.803921568627451), 'blu RGB color (0.8, ©.8, 1.8), 'blueviolet': RGB color
* (0.5411764705882353, ©.16862745098239217, ©.88627450898039215), 'brown': RGB color (8.6478588235294118, ©.164705882352941
17, .16470588235294117), 'burlywood': RGB color (0.8705882352941177, 0.7215686274509804, ©.5294117647058824), 'cadetblu
e': RGB color (©.37254981960784315, ©.6196078431372549, ©.6274589803921569), 'chartreuse’: RGB color (8.498839215686274
5, 1.0, 8.9), 'chocolate': RGB color (8.8235294117647058, ©.4117647058823529, 0.11764705882352941), 'cacal’. RGR raloc
(1.6, 0.4980392156862745, 8.3137254991960784), 'cornflowerblue': RGB color (8.39215686274509803, 6.58
294117647058824), 'cornsilk': RGB color (1.8, ©.9725490196078431, ©.8627450980392157), 'crimson’: ?GB;
392157, 0.0784313725490196, 0.2352941176475882), 'cyan': RGB color (0.8, 1.8, 1.8), 'darkblue’: RGBJ
8.5450980392156862), 'darkcyan': RGB color (.8, ©.5458980392156862, B.5450980392156862), 'da"kgt:lﬂenJ
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So, you can see here by default this is the color and then you have various colors like
antique white then you have there are so, many colors cornflower blue, dark blue so many

of them. Now, there is, | think about hundred colors more than hundred colors are there.
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84313725490196, ©.9019687843137255), 'purple': RGB color (0.5019687843137255, 0.0, .5819687843137255), ‘red": RGB color &
o (1.0, 0.8, ©.0), 'rosybrown': RGB color (0.7372549015687844, ©.5667843137254902, ©.5607843137254982), 'royalblue': RGB ¢

olor (9.2549819687843137, 0.4117647858823529, ©.8823529411764786), 'saddlebroun’: RGB color (9.5450988392156862, 9.27858
823529411763, ©.87456980392156863), 'salnon': RGB color (8.9863921568627451, ©.5619587843137255, 0.4470588235294118), 's
B andybrown': RGB color (9.9568627458988393, 0.6431372549819608, 8.3764705882352941), 'seagreen’: RGB color (2.18039215686
27451, 0.5450980392156862, ©.3411764765882353), 'seashell': RGB color (1.8, ©.9667843137254902, 0.9333333333333333), 'si
enna': RGB color (0.6274509803321569, 9.3215686274509804, 0.17647058823529413), 'silver': RGB color (9.7529411764705882,
2.7529411764705882, 8.7529411764705882), 'skyblue': RGB color (9.5294117647058824, .827843137254902, .921568627450980
% 3), 'slateblue': RGB color (6.41568627450980354, 8.35294117647058826, ©.803921568627451), 'slategray': RGB color (@.4392
156862745098, 0.5019607843137255, 0.5647058823529412), 'slategrey’: RGS color (8.4392156862745098, 0.5819687843137255,
©.5647058823529412), 'snow': RGB color (1.8, ©.9803921568627451, 0.9803921568627451), 'springgreen’: RGE color (0.8, 1.
O 8, 0.4980332156862745), 'steelblue’: RGB color (9.27458980392156865, 0.5098033215685274, 0.7038823529411765), 'tan': RGE
color (9.8235294117647058, 9.7058823529411765, 0.5490196678431373), 'teal': RGB color (2.0, 0.5019687843137255, 0.501960
7843137255), 'thistle': RGB color (.8478588235294118, ©.7438195078431373, ©.8476588235294118), 'tomato’: RGB color (1.
2, 0.3882 1764707, ©.2784313725499196), 'turquoise’: RGB color (9.25898839215686274, ©.8784313725490196, 0.81568627
% 45098039), 'violet': RGB color (0.9333333333333333, ©.5098039213686274, ©.9333333333333333), 'wheat': RGB color (2.96878
43137254362, ©.8705882352941177, ©.7919697843137254), ‘white': RGS color (1.6, 1.9, 1.8), 'whitesmoke': RGB color (8.96@
7843137254902, ©.9607843137254902, 9.96878 54992), 'yellow': RGB color (1., 1.8, 8.8), 'yellowgreen': RGB color
(0.6639215686274569, 9.863921568627451, 0.19507843137254382) } ;

Parametric Plot in 2D
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So, you can go through this list and make use of whatever you want. So, that is what
exactly | have done here. So, we took the keys of these dictionary colors and then

converted into that keys as a list and then we are using 10 + i*2. So, 10 + 72, fori =1 it
is10+1=11.



So, it is we are taking it as 20 first one in sorry 11th one in the list then for i equal to 2 it
will be 4. So, 14th one and then next one will be 19th one and things like that. So, that is
how you can make use of different colors.
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Parametric Plot in 2D

Example: Plot the graph of the function given by parametric coordinates

c=tsin(l =%, y=teos(t’), -w<t<2x

var('t')
p = parametric_plot([t*sin(1-t*2),t*cos(t*2)],(t,-2%pi,2*pi),color="red' ,thickness=1.2

Now, suppose you want to define or you want to plot a function which is defined by
parameter. Let us say for example, we want to plot graph of a function which is defined
by parameter t and x coordinate is t*sin(1 - t2), y coordinate is t*cos(t"2) and t varies

between -2pi to 2pi. How do we do that?

So, there is an inbuilt function called parametric plot and again we will declare t as a
variable. So, inside parametric plot now you have to give each coordinate namely x and y
inside square brackets. So, we make a list of x coordinate and y coordinate and then
mention what is the domain of t it varies from -2pi to 2pi color is red and thickness is let
us say 1.2. And let me also add a text inside this the plot and that | am calling.

So, there is a function called text with the name of the text is let us say ‘Nice plot’, that
this is the ‘Nice plot” will be added inside this plot and the coordinate at which this text

will appear is -4, 4 and then you ask it to show(p + txt, figsize = 5).



(Refer Slide Time: 23:26)

S lmperab X @ SwgedtReferenceManat 20 X |
C O localhost8888/lab

#Apps M Gral @ YouTube Q Mips @) ThePyronmami @) Rhon Ny Tut

: File Edit View Run Kemel Tabs Settings Help

n [ Launcher X
B+ X0OO» e C» Makdownv

A CMSM _Lecture3-3ipynb @

@‘ ©  SageMath 9.1 |Idie

BPTER Type here to search

Saving completed

cERAGEETEO -~

Mode: Command @ Ln1,Col 17

ax 2@

SageMath 9.1 QO

il

So, let us see what the curve we get. Yeah, that is the very nice curve and this is nice plot

is added here. So, that is the annotation you can add a row, you can add line, you can add

points all these things can be done very easily and very efficiently.
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Polar Plot
B

Example: Plot the graph of the function given by polar curve
e r=1+2cos(sf), 0<0<2008
° for various values of s = 1, 1.01, 1.02§.05, 1.5 etc

var('t')

polar_plot(1+2*cos(1.5%),(t,0,200*pi), plot_points=50ee, thickness=8.2)

Region Plot
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Similarly, suppose you want to have a plot graph of function which is defined by polar

coordinates. So, here the function r = 1 + cos(s*theta) and s can take values let us say 1, it

can take value 1.01, 1.02, 1.05, 1.5 etc.



So, for some of these values we will try to plot graph of this function and theta varies
between 0 to 200*pi. So, let us see how we are going to plot? So, in order to plot polar
graph there is a function called polar_plot(), polar underscore plot. So, here instead of
theta I am defining this variable as t if you want you can define this as theta also. Let us
say theta and so here wherever you have t, | have to say theta, theta here also theta.
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s =1
polar_plot(1+2*cos(s*theta), (theta,,280%pi), plot_points=5080, thickness=0.5)
Region Plot
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And so, polar plot and then you need to give the right hand side of r which is 1 + cos 0f2
times cos yes | am taking as 0.5. So, let me make it s here and | will define s = point. So,

to begin with s equal to 1 let us say s = 1 and then thickness is 0.2.

So, make it or let me make it thickness is 0.5 and when you actually when sage plots graph,
it actually plots the number of points and then joints. So, here | am saying that in. So, in
order to make this plot smooth we are taking about 5,000 points by default it may take

about 200 points or 100 points one can find out. So, let us plot the graph.

(Refer Slide Time: 25:41)
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So, this is how the graph of this function looks like let me reduce the figure size.
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12]: |var('theta')
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So, figsize = 4 now it is much better. So, this is graph of 1 + 2 * cos(theta) this is

the, suppose now s instead of 1.
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var('theta')
Q s =1.01
5 polar_plot(1+2*cos(s*theta), (theta,8,200*pi),plot_points=5080, thickness=2.5,figsize=4)
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Let us make it 1.01 and then the graph is completely different you can see here what is the

change it has done.
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And if | say 1.2 this is how it looks like.
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var('theta')
s =1.03
polar_plot(1+2*cos(s*theta), (theta,0,280*pi),plot_points=5208, thickness=8.5,figsize=4)
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If I say 0.03, this is how it looks like.
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var('theta')
s =1.2
polar_plot(1+2*cos(s*theta), (theta,0,280%pi), plot_points=5208, thickness=8.5,figsize=4)
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If | say let us say 1.2 that is again completely different.
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And if | say for example, 2 so that is the graph. So, you can see here for small change in
s, the graph of this function looks completely different. So, this is advantage of using this
kind of software in order to plot graph with some parameter, by hand you will not be able

to kind of visualize so many things.
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var("theta")
0 s 2
polar_plot(1+42*cos(s*theta), (theta,8,200%pi),plot_points=5080,thickness=8.5,figsize=4)
B
s,
]
* polar_plot??
p1 = polar_plot(9.p * cos(§*x) + 2.5, @, 2*pi,color="red")
p2 =polar_plot(cos(4*x) + 1.5, @, 2%pi, fill=8.5 * cos(4*x) + 2.5, fillcolor="lightblue
plep2
P Bt
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So, you can look at help on polar_plot and see what are the other options it supplies. Let
us look at one more graph, this graph is graph of again polar function which is defined as
0.5*cos(4*t).
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°O pl = polar_plot(8.5 * cos(4*t) + 2.5, @, 2*pi,color="red')
p2 =polar_plot(cos(4*t) + 1.5, 8, 2%pi, fill=0.5 * cos(4*t) + 2.5, fillcolor="lightblue')
plep2
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So, let me make it again in terms of variable t, it will be much better. So, it is not confusing
here t and then and this also here t. So, this also here t. So, what is this graph? So, let us

plot and then we will see what graph does it create.
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So, this is the graph. So, you have two graphs actually two curves, two polar curves.
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pl = polar_plot(8.5 * cos(4*t) + 2.5
p2 =polar_plot(cos(d*t) + 1.5, 9,
show(plep2, figsizes4)

2*pi, color="red")
, fill=0.5 * cos(4*t) +

2.5, fillcolor='lightblue')
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Let me again reduce the figure size. So, show this with figsize = 4. So, you have one

blue curve and one is red curve and the red one is for example, graph of the polar function

r = 0.5 into cos(4*t) + 2.5 and the blue one which is inside that is actually cos(4*t) + 1.5.

So, it is actually just shifted and then there is a filling. So, fill it is filled that the two curve

in between and the filling color is light blue that is what it means.
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pl = polar_plot(8.5 * cos(4*t) + 2.5, @, 2*pi,color="red')
p2 =polar_plot(cos(4*t) + 1.5, 0, 2%pi, fill=8.5 * cos(4*t) +
show(plsp2, figsize=4)

2.5, fillcolor='ghtliblue’)

Traceback (most recent call last)
site-packages/sage/plot/colors.py in

/opt/sagemath-9.1/1ocal/1ib/python3.?

346
-> 347 turn colors(c].rgb
348 except KeyError
: 'ghtliblue’

During handling of the above exception, another exception occurred:

lueE Traceback (most recent call last)
ipython-input-51-d5aedefs64de> in )
2 p1 = polar_plot(RealNumber('8.5') * cos(Integer(4)*t) + RealNumber('2.5'

3 p2 =polar_plot(cos(Integer(4)*t) + RealNumber('1.5'), Integer(d), Integer(2)'pi, fill=RealNum

teger(4)*t) + Reallumber('2.5'), fillcolor='ghtliblue
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So, when you plot graph or function there is also an option to fill which will allow you to

fill the area between two curves. So, when for example, when you want to explain or study

let us say area under a curve or area between two curves, you can plot such graphs and

using this fill option. So, that is it. Wait, something went wrong.
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This is | think let me call this as for example, let us say grey. So, this is the next let us look

at how we can plot region.
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So, if you have to plot let us say region between x*y lying between -1/2 and 1/2.
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There is a small typo here x*y between -1/2 and + 1/2 and let us say take x value between
-2 and 2, y between -2 and 2. So, how do we plot that? So, there is inbuilt function called
region underscore plot and inside this the first two curve, here first curve is x*y is greater

than equal to -1/2 and then second one is x*y less than equal to 1/2.

So, that is the first curve x*y less than equal to 1/2 , and other one is x*y greater than equal

to 1/2, x varying between -2 and 2, y also varying between -2 and 2 and in color and out



color there are two options here. So, let us plot and then we will see what is the meaning
of this.
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So, when we plot again let me reduce the figure size, figsize = 4 if we could mention

for example, 4, 5. So, on x scale it will be 4, y scale it will be 5.
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So, this is let me make it 4 itself so that yeah. So, what is it doing? It is inside this it is

plotting in red color and outside this in light blue.
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So, I mean | can say light green and then inside this light green outside this light blue that
is the meaning of course, you could add the curve also here. So, if you want you can create
another one plot for x*y = 1/2 and other one for x*y = -1/2 and then put it in different color
that also you can do.
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And you can take help on region plot question mark or double question mark, double
guestion mark will give you detailed help. So, if | say double question mark on region plot

then this is what you get. So, you can see here this is the source, this is how the function



is defined and these are the options by default inside color is blue, out color is none and
you border color also you can mention border color. So, for example, if I mention here,

border color.
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So, if | say here let me put it here border color is equal to let us say black, then you can
see the border is now black. And so, there are many other options inside this aspect ratio

frame if you want a frame by default frame is false.

If you want to plot this inside a frame you can mention the region color and this is how the
function is defined region plot. This is some documentations, this is what you get when

you can give question mark.
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And at the end it will also tell you how this function is defined. So, that is the, that is the

body of this the function.
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So, correct. Similarly, let me show you plot of another region which isx * (x — 1) * (x +
1) — y”2 greater than equal to 0 with x lying between -3 and 2, y lies between -3 and 3.
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So, that is the region. So, you have here this closed region and then this is outside region.
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Let me again reduce the figure size, figsize = 4 you can see that is the region.Similarly

you can also plot graph of a polygon.
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polygon2d([[-1,8], [,-1], [1,8], (8,1]],color="goldenrod", edgecdlor="black")

( 1 @ SageMath 9.1 | Busy Saving completed Mode: Command @ (n 1, Col 1

SPTER Type here to search 0 & i -L a Le L3 i AR
So, suppose | want to plot graph of a polygon as we have all you need to do is mention the
corner points. So, here [-1, 1], [1, -1], [1, 0], [0, 1] and the color is in golden red and edge

color is black.
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So, it will plot this, this is a trapezium. Similarly, you can plot let us say we saw in case of

in case of matplotlib we could plot graph side by side in a matrix form.
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So, here also that option is there. So, suppose let me first run this and then | will explain
how it is being done.
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So, you can see here there are four graphs this is 1 graph, 2 graph, 3rd, 4th and how it is

done? So, it is done using what is called graphics array what you need to do is you create
an array of graphics.

So, here we are taking a f(x) = sin(x), g(x) = sin(2x) and h(x) = sin(4x) and the
first one pl is graph of sin(x), the second one is graph of sin(2x) and the third one is

actually a parametric plot whose first coordinate is sin(x), second coordinate is sin(2x) and



the fourth one is graph of again parametric plot whose first coordinate is sin(x) and second

coordinate is sin(4x).

The color are taken as red, green, blue, black and then you create a list of all these graphics
which you have created p1, p2, p3, p4 and then put it inside graphics array graphics array
and you need to mention what should be the dimensions. So, here dimension is 2 which is

2 by 2 and then you simply say ask it to show.
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This gives you the graph of these four functions together the four graphs together first two
are explicit function, second two second two are parametric plot. So, and you can create
as many as you want. So, these are some of the standard plots generally we come across
in two dimensions, in the next lecture we will look at how to plot graph of a function in
three dimensions some of the standard plots we will see. So, | will see you in the next

lecture.

Thank you very much.



