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Plotting 3d graphs in SageMath
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Welcome to the 19th lecture on Computational Mathematics with SageMath. In this

lecture, we will explore 3d plotting in SageMath. In the last lecture, we looked at 2d

plotting of various objects like functions defined explicitly, function defined in terms of

parameters or parametric curves, polar curves, also functions defined implicitly.

Then we also looked at how to plot regions and how to plot inequalities. Let us look at

how we can plot 3 dimensional objects using SageMath. So, first let us look at this is the

reference plot3d, let me make it slightly bigger.
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Sage 9.1 Reference Manual: 3D

Graphics

Release 9.1

The Sage Development Team
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So, this is again if you click on this particular link, it will open a 3d graphics manual. This
is about 323 pages. You can go through this manual which will tell you with examples
regarding plotting of 3 dimensional objects in SageMath. So, let us look at first example.
We want to plot graph of a function f(x,y) = x sin(x + y) cos(x — y) in the domain x
between -2 and 2 and also y between -2 and 2. This should be y.
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So, let me change this to y, x and y varying in the domain -2 to 2. So, first we need to

define this function f(x, y) as a function of two variables x and y.
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Example: Plot the graph of f(x, y) = xsin(x + y) cos(x = y) in the domain =2 < x < 2and -2 < y < 2

var('x,y")
£(x,y) = x*sin(xey)*cos(x-y)
plot3d(f(x,y), (x,-3,3),(y,-3,3))
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So, we need to first declare x and y as variables. So, we have declared x and y as variables.
And then we define f(x,y) = x sin(x + y) cos(x — y), and then we can use the function
plot3d. Instead of plot, we have now plot3d and then again you write f(x,y), and then

give the domain of x, domain of y.
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So, let us plot this. This may take little time depending upon the speed of the computer
right. So, this is a beautiful graph of this function.
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And you can rotate this. You can just click on this graph and use your mouse or touch pad
to rotate this. And whatever is the best angle you can just keep it right. You of course, you
can change color of this graph, you can change the point size. So, you can look at help on
plot3d. plot3d question mark or double question mark that will tell you how to change

various options inside this plot.
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You can even add two 3 dimensional plots. So, for example, in this particular surface

which is graph of z = f(x,y), suppose we want to add sphere of unit length. So, Sage has

ax »Q:

SageMatn 8.1 O




inbuilt function to plot sphere; this is called sphere and I am writing or |1 am giving the

color of the sphere to be green.

So, by default, this will plot sphere centered at the origin (0,0,0) with radius 1. If you want
with different radius and origin at the center, it you have an option. You can look at help
on sphere; it will tell you all these things. So, | am just saying plot f (x, y) from x from -2

to 2, y from -2 to 2, and plus sphere with color green.

So, let me plot these two. So, we will get, now you can see here the sphere has been added
to this particular surface. So, you can see that the two these are two surfaces, and they

intersect along a curve ok..
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Next let us look at how we can plot surface of revolution. This concept is very important
in calculus. So, Sage has inbuilt function to define surface of a revolution, this is called
revolution underscore plot3d. So, if you take help on this revolution underscore plot3d, it

will tell you how to use this function.

So, there are various options inside this revolution plot3d. You need to give the curve; you
need to give the range in which this curve is defined. And this is phirange is the rotation
by which you want to rotate that curve, and about which axis that you can mention in

parallel underscore axis.



And this axis is the point by which our point through which this axis of rotation passes,
and this is you can even actually print the parametric curve when you rotate this curve this
is the option. And then you can also show the curve along with the surface.
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So, let us take an example. Of course, it this also gives you several examples, you can
make use of this example itself.
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So, let us go to the first example. This is let us say we want to plot surface of revolution

of the curve y = 1 + u2. And u varying between 0 to 2, so that is the curve. Now, this



curve suppose we rotate about x-axis, what will it generate? This will generate a surface

which is called surface of revolution of this curve.

Similarly, you can rotate this about z-axis, you can also rotate about y-axis. So, let us look
at one by one what kind of surface we are going to get when we rotate this curve about x-

axis first, then about y-axis, and z-axis.
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So, when and how do we use this? So, you simply say plot3d plot revolution underscore
plot3d. The function is f which is 1 + u?, u varies between 0 to 2. And this is parallel

axis is x, and you also show the curve along with the surface.
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So, if | execute this, this is what you will get. This is a surface of revolution. So, let me

rotate.
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And then see this should be actually the correct way in which you can visualize this surface
right, so that is the surface of revolution. If you want, you can make the figure size also

small.
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So, let me say that figsize = 4 words here, yeah. So, this figure size has become smaller
right.
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So, similarly, suppose if you plot this surface of revolution by rotating this curve about y-
axis, so this is in x-y plane and if you rotate about y-axis, what you are going to get will
be just a kind of disk right. So, let us check this.
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So, if you instead of parallel axis X, if you say parallel axis y and rotate, then you will see
here this is only the disk that is what you can see here. Right .. yeah.
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So, and here, in earlier one we have plotted the surface along with the frame. Here we have
said frame equal to false that is why you do not see any frame. Advantage of keeping the
frame is that you also know the axis etcetera; in this case you do not know; what are the

axes ok.
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Similarly, you can rotate about z-axis. So, in this case, the surface which we will get is

something like this yeah.
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So, this is here actually let me just see here we have plotted from 0.5 to 2.
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Let me plot from O to 2. And this is a kind of what is called

rotating this parabola about z-axis.
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And in case, we plot from 0.5 to 2, if you vary from 0.5 to 2, then this portion of this curve
from 0 to 0.5 will be left.
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And as a result you will see a hole here that is the portion which is omitted from 0 to 0.5,

right, so that is how you can plot surface of revolution about various axes.
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You can even mention the angle by which you are rotating. So, by default it rotates by an
angle, this curve it rotates by an angle 2pi, i.e. 0 to 2pi. But suppose | want to rotate only
from 0 to 3pi/2 that is by or let us say by angle pi.
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Then, you have to just mention this 0 to pi and everything else is same axis is parallel equal
to z and curve show. And this print vector underscore vector equal to true will tell you

what is the parametric coordinates of the surface of revolution.
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So, that is what you can see here. So, it has been rotated by an angle pi that is what you
see here half of the paraboloid. And, this is the parametric equation of the surface in terms
of u and phi. The phi is the angle of rotation right. So, that is very nice, whatever by angle
by which you want to rotate you can do.
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So, if I say 3 pi by 2, then it will be three-fourth of this paraboloid right.
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show(curve3d)
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Let me give you one more example. Here the curve is taken as in 3d which is first

coordinate is u, second coordinate is sin(4u), and third coordinate is u?. Actually, this

example is taken from the help document itself. And this then you plot the curve 3d.

(Refer Slide Time: 11:16)



2 upyierlab X @ Siged Refrence Manuat 30 X | Z Home X | @ interactive.piot x| +
» C O localhost8828/iab QA » ° H
H Aope M Gmal @ Youlwoe @ Maps @ TheRythonmath M. @) Python Numpy Tut..

: File Edit View Run Kemel Tabs Settings Help

m | T Lecuei-tipb @

B+ XD O »mCw» Ce v SageMath 9.4 O
B
%
0 0]
*
uevar('u')
crve = (u, sin(4%), ur2)
curvedd = parasetric_plot3d(curve, (v,0,2)) m
show(curve3d)
"“< ‘ >
2 @ SageMath 91 ldle Saving completed Mode: Command @  1n1,C
HPTED Type here to search 0 H i El - e v . 0 o]

(Refer Slide Time: 11:19)

= lppedan X @ Sage 9 Refoerce Manuat 20 X | = Home X | @ ierctive giot x|+ R E A

» C O localhost8828/iab QA » ° H
H Aope M Gmal @ Youlwoe @ Maps @ TheRythonmath M. @) Python Numpy Tut..
: File Edit View Run Kemel Tabs Settings Help

B+ XD O »mCw» Ce v SageMath 9.4 O
show(curvedd) - i -

¥» 0O <« B O

2 @ SogeMath9.1] de Saving completed Mode: Command @ 11, f

HPTED Type here to search 0 H i El - e v . 0 o]

And let me ask it to show the curve first. Let us first show the curve. So, this is the curve,

this is the curve in 3d. Again, let me rotate and show you that is the curve.
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And this we want to rotate about let us say about z-axis. And then what do we get?
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show(P, aspect_ratios1)|
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So, let me say this is a revolution underscore plot of the curve. Let us say u takes values
from 0 to 2, and show the curve, the color is red. And opacity = 0.5. So, by default opacity
is 1. When you reduce the opacity, this surface will become transparent ok. So, let me run
this. And then you ask it to show this p, and aspect ratio is 1 which is ratio of x y with z
will be 1.

(Refer Slide Time: 12:11)



2 Jupyerlab X @ Siged Refoence Manuat 30 X | Z Home X | @ nteactive pict x| +
» C O localhost8828/iab QA » . H
H Aope M Gmal @ Youlwoe @ Maps @ TheRythonmathM. @) Python Numpy Tut..

: File Edit View Run Kemel Tabs Settings Help

™ W CMSM _Lecture3-dipynb @

8+ X000 » nC» Madwmy SageMath 8.4 O
o STIOW{¥; dSPECT_T'4L10%1 ) =
B
%
(&

|

2 © SageMath 91| ldle Saving completed Mode: Command @ 11,4

SPTER Type here to search 0 H i n ﬁ ¢ e v . o el

(Refer Slide Time: 12:18)

2 opytertab X @ Sage 9 Refoerce Maniat 0 X | 2 Home X | @ encive.sit x| + = B
- 3 C O locahostssadfab ar »Q:
H Aope M Gmal @ Youluoe @ Maps @ TheRythonmathM. @) Python Numpy Tut..
: file Edit View Run Kemel Tabs Settings Help
| MM lectuedipgrb @
8+ X000 »nC» Madwmy SageMath 8.4 O
B
0
2 @ SogeMath9.1|ldle Saving completed Mode: Command @ 11,4
HPTER Type here to search o H i " a ¢ e w . 0 il

So, that is the surface this looks very nice surface, and it looks like a very nice cup right.
So, you can change the color. You can see here the color of the curve along with the

surface.
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And if you want to rotate only between 0 to let us say 0O to pi, then only half of the cup will

be shown that is what you can see here right. So, this is a very nice curve.
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Similarly, you can plot a surface, which are defined implicitly or implicit 3d, this is a
function f(x,y,z) = 0. So, suppose we already in the previous lecture we saw how to
plot graph of x™ + y™ = 1 and for various values of n. Now, we can extend this to x™ +

y™ + z™is equal to instead of 1, you make it 4, and then for various values of n.

So, let us try to plot this. So, in this case, we need to declare three variables x, y and z.
And let us say we instead of n, I have called here k, let us take k equal to 2. So, if | take k

equal to 1, thisisx + y + z = 4 which will be a plane.

But k equal to 2 will give me x2 + y? + z? — 4 equal to 0 and x and y varying between
-2 and 2, z also varying between -2 and 2. So, this will be actually a sphere. So, and this
color is light green — light sea green. And we are plotting 100 points. So, let us run this
you will see a sphere. It is taking little bit time right. And then we will change the value of

k, and then we will see what kind of surface we get.
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So, if you roughly remember what we got in case of x™ + y™ = 1, you should be able to

visualize what kind of surface we are going to get. So, this is a sphere which is x? + y? +

2 _

z 4
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k=3
implicit_plotid(x*k + yak + 2% - 4, (x,-2,2), 1

(¥5+2,2), (2,+2,2),color="lightseagreen’ ,plot_points=100)
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Now, let us change k from to 2, let us change it to 3. And in this case, you should be getting

a kind of not a closed surface, the even one will give you close surface whereas the odd

ones will give you not a closed surface. So, let us look at what is the plot we are getting.

Again, this will take time because this implicit plot is slightly more involved.
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So, this is the surface. Again, you can see here this is a kind of cap right. So, a kind of you

can think of this as a hat right.
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Plot the graph of x" + ¥ + " = 4 for various values of n.
var('x,y,z')

=30

k=30
implicit_plot3d(x*k + y*k + 2% - 4, (x,-2,2),
(¥,-2,2), (2,-2,2),color="lightseagreen’,plot_points=100)
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Now, similarly, if I look at for example, instead of 3, if | say let us say 30 and then try to
plot it may take even more time, but you should get a closed surface. It may have some

corner, yeah, it is like a cube right.
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As you increase this; the value of n and if it is even, this sharpness of this is will increase.
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Plot the graph of x” + ¥ + 2" = 4 for various values of n

var('x,y,2')

inplicit_plotdd(x*k + yok + 2% - 4, (x,-2,2),
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And in case of odd, let us say for example, 31 will give you again a surface which is not

closed; it is a kind of cap. But it will have some kind of edge right.
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Again, you can see here check this, this is a again some kind of a squarish cap you can
think; of course, this does not look that good. It may not look good on our head, but this is
also a kind of cap right.
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Contour Plots

Plot the graph of the surface f(x, ) = v sin(y) + x cos(x) and its contours.

var('x,y")
£(x,y) = yrsiniy)extcos(x)
plot3d(F(x ), (x,-2pi,2i), (y,-2"pi, 2%i) Figsizess)
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So, you can try to plot various other implicitly defined functions in 3 dimension.
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#4¢ Contour Plots
Plot the graph of the surface $f(x,§) = y\sin(y)+x\cos(x)$ and its contours.
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Now, let us say we if we plot graph of this function, let us say f(x,y) = y.sin(y) +

x.cos(x) suppose let us plot graph of this function.
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var('x,y')
£(x,y) = y*sin(y)x*cos(x)
plot3d(f(x,y) , (x,2p4,2%pA), (y,-2p1, 2°pi) , Figsize=t)
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Now, when you plot the graph of this function, this is the surface. Now, how does one
build this surface? So, if you actually take the slice of this surface by z planes various z
planes or planes parallel to x-y, then you will get curves. This curves you project it on x-y

plane they are called contours.

So, Sage has inbuilt function to plot various contours. And once you know what are the
contours of a function z = f(x,y), and you can put all these contours one over the

another, then you will be able to build this surface, so that is how surface is actually plotted.
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So, let us see how we can plot the surface. So, for example, in this plot let me add say
plot3d of z is equal to let us say | will call z is equal to let us say 2 plane z = 2, and let us

plot this yeah. So, let me put color here in different color.
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var('x,y")
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So, color equal to let us say red inside single quote right. Now, you can see here, this is
the intersection of this plane by z = 2 plane and the intersections are going to be curves.
So, this when we project these intersections which are curves which we project on x-y

plane, this curve is called contours right.
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So, let us plot these contours. So, Sage has inbuilt function called contour_plot(). And
again you supply the same option like control plot of f(x, y) and x going from -2pi to 2pi,
y also varying from -2pi to 2pi.
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So, when we do that, it will plot default some contours. But this has actually shading inside.
The shading depends upon the height of the contours, so that is why we can say graded

shading.
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Now, you can even say fill equal to false, in that case these fillings will disappear and you
can also increase the number of contours. By default, it has plotted few contours. And but

if you want to plot more contours, so for example, if | say 20 contours what will happen?

In this particular domain, this will take value of z minimum value of z and maximum value
of z. And that minimum to maximum this interval will be divided about equally into 20

parts, and those 20 contours you will see right.
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So, let me yeah. So, these are the contours and in fact, | said label equal to true, so at each
one, it also prints a label. So, for example, if you look at this particular curve, thisisz =2

plane, the z = 2. So, f(x,y) = 2 and this one, and then there will be other one.

For example, there should be another counter part of this, so somewhere here, yeah. So,
this is the one z = 2, there is another side, z = 2 right. So, you can plot these contours at

various level.
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In fact, if you can give this label also, you can mention for example, let me just copy this
and insert and let us say we want contours at let us say -2, then at -1, at 1, at 2, and then

let us say at 3.
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So, only these contours will be shown ok. So, one is at -2, then at -1, then 2, 1 and so on

right.
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var('x,y')
f(x,y) = y*sinly)+x*cos(x)
implicit_plot(f(x,y)==2,(x,+6,6),(y,6,6))
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So, and that you can obtain just exactly by you can use implicit plot and f (x, y) equal to
2.
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And then when you plot this exactly what you will see. So, for example, f(x,y) = 2 plot,
and if you compare this the curve with this z equal to 2 contours here, this exactly what
you got. Of course, here it was plotted between -2pi to 2pi; here | plotted between -6 and

6, so right ok.
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So, next is many of you must have already seen there are actually exactly five platonic
solids. And these platonic solids they are called tetrahedron, cube, octahedron,
dodecahedron and icosahedron. So, these, these, these things you can plot in SageMath.
There are inbuilt functions. This tetrahedron round bracket — empty round bracket, cube

or empty round bracket, this will plot these platonic solids.

So, let me just plot all these platonic solids together. This is again this particular code is
being taken from the help manual. So, first it is plotted tetrahedron in blue color. And in
this you add cube. And then in that G, you add octahedron and dodecahedron. And then
you finally, you add icosahedron and then plot this together.
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So, this is the plot of all these five platonic solids, this is tetrahedron, this is cube,
octahedron, this is a dodecahedron, and this is icosahedron right. You can plot separately

also.
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Now, another important thing that you can do in SageMath plotting there is something
called interactive plotting. So, you can create animations. You can plot curve with in which
there are various parameters. For example, if I ask you to plot graph of ax*2 + bx + ¢

as a, b, c varies.



So, you can have a slider for a, slider for b, slider for c. And you can observe how the
graph changes at which as you change a, b and c. So, let me give you just couple of
examples, but this one is let us plot graph of sinusoidal curve which is f(x) equal to A into

sin omega x for various values of A and omega.

And another example that we will look at let us say for example you look at this curve
x*+ cx3 + 12x% — 5x + 2. So, this will be a curve in the plane. And this is c is a
parameter, c is varying. So, for what values of ¢ you can find let us say a horizontal line

which intersects this curve 4 times.

So, that is the this, but I will show you this in Jupyter Notebook. Here I am using for my
convenience JupyterLab Notebook; however, this interact has some kind of bug in with
interactive plot in JupyterLab.
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So, let me show you the same examples in Jupyter Notebook. So, how does it work? So,
here you need at the rate interacts that is the function which creates interactive plot. And
after that | have created a function def and without any name, so | am just putting here
underscore. And w, w takes value between 1 and 10, and default value is 1.

Similarly, A, it will create a slider for A with a default value 1 and it varies from -5 to 5.
And this graph is plotted between a and b, where a takes values, default value of a is 0,

default value of b is 1. So, between 0 and 1, it will plot initially. And what to plot? So, p



is equal to plot A into sin omega X, a going from a to b, and then just print some label and

then ask it to show this.
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So, let me run this. When | run this, you can see here, it has plotted the graph of the function

f(x,y) = A sin omega x between 0 and 1. Now, | can change this value of omega.
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Let me say if | change the value of omega, this the curve will automatically change.
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If I change the value, let me first change a, let us say create a from -2*pi, and b is also b is

also 2*pi let us say 2*pi, so that is the graph.
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And if I change A, A is in the product. So, if | have A more than 1 then the frequency will

increase, | can have a negative also.
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And like that you can change the parameters and this will create an interactive plot.

Similarly, for the previous for the other problem, what is that problem? You want to find
plot the curve this.
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**Question**

Find the value of $c$ for which $x*4+cx"3+12x°2-5x+2$ intersect a
horizontaline 4 times.

In [*): W var('c’)
interact
def _(c=(1,(-10,12)), a = input_box(default=-3),b = input_box(default=3)):

p = plot(x*asc*x"3412%x"2-5%x42,a,b,ymax=20)
show(p+h, figsize=d) 1

And find or check whether some horizontal line can intersect this curve 4 times. So, first
again the example is same. f is defined as, so this actually is not needed. So, again where

c is a variable here and c takes values default value as 1, but it varies from -10 to 10, a
value default value is -3, b default value is 3.



And then plot p which is x* + cx3 + 12x% — 5x + 2 between a and b, and maximum
value of y is equal to 20. Because as you change a and b, this value this may vary quite a
bit. So, we have restricted y value to be 20. You can also restrict minimum value equal to
something right and then add a horizontal line at some point. So, for the time being, let me

get rid of this. So, this also I let me not have this right.
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show(psh, Figsize-Tnteger(1)

r: name 'h' is not defined

So, let us just ask it to plot this, h is not defined. So, this h is | deleted. So, it should not be
there right.
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**Question**
Find the value of $c$ for which $x*d+cx"3+12x"2-5x42§ intersect a
horizontaline 4 times.

In[*]: N var('c')
@interact
def (c=(1,(-19,10)), a = input_box(default=-3),b = input_box(default=3)):
P = Plog(x\44c*x"3412%"2-5%x42, 3, b, ymax=20)
shou(p, figsize=4)




(Refer Slide Time: 28:03)

= lupyerab X | @ Sageat RefwerceMancat 20 X | = Home X @ inenctive pot x B - b X
C O locahhosta88/notebooks/interactive_plotipynb aw #@Q:
H Appe M Gmail @ Youloe @ Maps Q) ThePythonmathM.. @ Python Numpy Tut
:Jupyter Interactive_plot Last Checkpoint: an hourago. (unsaved changes) Logout
Fle Edt Vew e Cel Kemel Widgels Hep SageMath 8.1 O
B+ @B 4+ NRin BC M coe v @B
VeI e\ \"a05av )y @ = drpe SR .
P = plot(x\4+chxAI+12%%°2-5%x42,3, b, ymax=20)
shou(p, figsizesd)
¢ 1
E!
b3
20
15
10
4 -3 2 -1 0 1 2 3
HWPTED Type here to search o B " mCEF ® 9
- ~ SEAREX
2 Jupyterlab X | @ Saged Reforence Manual 30 X | Z Home X @ nwencive_por x B
C O localhostasagnotebooks/interacive_plotipyrb aw #Q:
H A M Gnol @ toulube @ Maps Q) TheRyhonmah M. @ Python humpy Tt
:Jupyter Interactive_plot Last Checkpoint: an hourago (unsaved changes) Logout
Fle Edt Vew et Cel Kemel Widgels Hep SageMain 8.1 O
B+ @B 4+ NRin BC M oo v B

P = plot(x"sctx*3412%x" 25442, 3, b, ymax=20)
show(p, figsize=4)

&
~
w

HPTER Type here to search O B n

So, this is the graph and let us say if | change c, if | change ¢ for example, if | change c is

equal to something this is how it is changing.
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p = plot(x"4c*x*3412%x*2-5%x42,a,b, ymax=20)
show(p, figsize=4)
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So, up to 10, I do not think any horizontal line will intersect 4 times. Now you can see that
there is for ¢ equal to 8, for example, | can have a horizontal line between this and this. So,
you can find a range. So, for example, | can take a horizontal line at z at y equal to 5, and

this will intersect 4 times.

(Refer Slide Time: 28:50)

3 2 Jopedad
C O localhost889notebooks/in
H Appe M Gmal @ touloe @ Maps Q) TheRythonmath M. @) Python Numpy Tut

" Jupyter  Interactive_plot Last Checkpoint:an hour ago_(unsaved changes) Logout
W Insed  Cel  Kemel Widgets Hel SageMath 9.1 @
B+ @B ¢ NRin B C P cos v B

P = plot(xM4ctx*3412%x"2-5%x42, 3, b, ynax=20)
show(p, figsize=4)

c® -10
a3
b3

20

15

10

) 3 2 1 0 1 2 3 !

BT Tpeneretosearh CHBARCCETEHOO ~igy |

3

Similarly, if I look at negative side; if | look at negative side, then also something similar

may happen ok. So, now, it is still changing, it has become slightly slow.
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Yes, something, yeah. So, if | change, yes. So, if I, ¢ = -7, then also you will see for
example, | can say about parallel line passing through let us say about 3 should intersect
this twice or 2.5.
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In[*]: N ovar('c’)
interact
def _(c=(1,(-10,10)), a = input_box(default=-3),b = input_box(default=3)):
P = plot(x*d+c*x*3412%x*2-5%x42, 3, b, ynax=26)
h = plot(5, a,b, color="black")
show(p, figsize=4)
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So, let us add that line. So, for example, if I add one line here that is what we had. h is
equal to plot let us say something like 5, and again between a and b, and then let us say

color = black.
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And yeah, no, | have not added in this. So, | have to say p + h right.
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So, now, you can see here.
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And when we change this value of ¢, we saw around 8 yeah. So, when we have ¢ = 8, this

intersects this curve only 3 times not 4 times ok. I am sorry, this intersects only 3 times
actually.
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In[*]: W ovar('c’)
@interact
def _(c=(1,(-19,1)), a = input_box(default=-3),b = input_box(default=3)):
P = plot(x*4+c*x"3412%x*2-5%x42,a,b, ymax=20)
h = plot(2.5, a,b, [solor="black")
show(p+h, figsize=d)
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P = plot(x"44c*x"3412%32-5%42, 3, b, ymax=20)
h = plot(2.5, a,b, colors'black')
show(péh, Figsize=4)
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P = plot(x"4ctx"3412%%42-5%x42, 3, b, ymax=20)
h = plot(2.5, a,b, colors'black')
show(péh, Figsize=4)
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So, if | take negative value, and then let us say take this as 2.5 and then plot this, and let
us move this ¢ to negative somewhere -7 is what we saw yeah. So, this is again intersecting;
this again intersects only 3 times not the 4 times right. So, | should change this problem to
intersecting only 3 times actually.
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In [6]: W var('c’)
@interact
def _(cs(1,(-10,10)), a = input box(defaults-3),b = input_box(defaults3)):
p = plot(x*4+c*x -5%+2,a,b,ymax=20)
h = plot(2.5, a,b, "black’)
show(psh, Figsize=1)
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It is intersecting 3 times right. You may explore when will it intersect 4 times whether it
will intersect or not that you can find out actually. So, this kind of problem this is actually
explorative problem. So, can be very easily explored using this kind of interactive plots in
SageMath ok.
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Question Find the value of ¢ for which x* + cx” + 126 = Sx+ 2 intersect a horizontaline 4 times

Exercises:
1. Plot the graph of figure eight given by x = sinfand y = sin2for 0 < 1 < 2x.

2. Suppose &(n) is the number of primes less than or equal to the natural number a. Plot graphs of

aln) #(n)
xm), —  an
n

nllogin)’

What do you abserve?

3. Plot the unit circ! inside this plot regular n-gons for n = 3, 4,5,6. Think of plotting for any .

on f(x, y) = xye™ ™ for =2 < x,y < 2, Also plot the contours in the same domain.

4. Plot the graph of the f

5. Plot the surface of revolution about z-axis of the area between the curves y = xand y = x* betweenx = Otox = |
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So, that is the plotting 3 dimensional graphs in SageMath and | will leave you with some
simple exercises. First try to plot graph of a function which is a figure 8. This we did in
Python actually. This is x = sin(t) , y = sin(2t), t going from 0 to 2pi. And another



exercise is let us say pi n represents the number of primes less than equal to natural number

n.

And then this pi n, we plot this graph of pi n for let us say n going from 0 to or 2 to say
1000, and also plot graph of pi n divided by n and then also pi n divided by n divided by

log n, and also try to observe what happens to these ratios when you plot.

The next one is plot unit circle inside this plot try to plot regular n-gons with n equal to 3,

4,5, 6 and so on, and this you will see that this is actually an approximation of pi right.

So, then next one is plot graph of 3d surface f (x, y) = xye —x*=¥% forx y varying between
-2and 2.

And the last problem is plotting the surface of revolution about z-axis of the area between
the curve y equal to x and y equal to x square between x equal to 0 and x equal to 1. So,
this is going to be some kind of area. And when you plot these two curves it is going to
create two surfaces, one inside the another. So, it will be a solid actually right. So, that is
the set of exercises.

So, I am sure all the other plots, etc., as and when we come across when we do actual this
calculus etc., we will again plot them. But you can also refer to the user manuals which |
told you for 2d and 3d both. You can explore there are lots of examples in this which can
be used ok.
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So, thank you very much. I will see you in the next class.



