Plotting:
In order to plot the graph of a function, y = sin 3nx for 0 < x < 1, say, it is sampled at a
sufficiently large number of points and the points (x, y) joined by straight lines. We can use
the command linspace: The general form of the command is linspace (a,b,n) which generates
n + 1 equispaced points between a and b, inclusive. So, in this case we would use the command
» X = linspace (0,1,100);
The corresponding y values are computed by
» Yy = sin(3*pi*x);
and finally, we can plot the points with
» plot(x,y)
The result is shown in Fig.
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Example
» X=linspace(0,4*pi,10);
»y=sin(x);
e Plot values against their.index
»plot(y);
e Usually we want te plot y versus x
»plot(x,y);

e Plot generates dotsat each (x,y) pair and then connects the dots with a line
e To makeplot ofa function look smoother, evaluate at more points
»x=linspace(0,4*pi,1000);
»plot(x,sin(x));
e «x'and ywvectors must be same size or else you’ll get an error
»plot([1 2], [1 2 3]) %error!!
Platting Titles & Labels: To put a title and label the axes, we use
» title('Graph of y = sin(3pi x)")
» Xlabel('x axis’)
» ylabel(‘y-axis’)

e A dotted grid may be added by
» grid on
and is removed with
» grid off.
Line Styles & Colours
e The default is to plot solid lines.
e Assolid red line is produced by
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» plot(x,y,'r--X")
e The third argument is a string comprising characters that specify the colour (red), the
line style (dashed) and the symbol (x) to be drawn at each data point.
e The order in which they appear is unimportant and any, or all, may be omitted.
e The options for colours, styles and symbols include:

Colours Line Styles/symbols
y yellow : point
m magenta o circle
c cyan X  x-mark
r red + plus
g green - solid
b blue * star
w  white : dotted
k black —-. dashdot
—-- dashed

Use help plot to obtain a full list of optionsavailahble:

The command clf clears the current figureswhile close(1) will close the graphics

window labelled “Figure 1”.

e To open a new figure window, type figure'or, to get a window labelled “Figure 9", for
instance, type figure (9).

e If “Figure 9” already exists, this'command will bring this window to the foreground

and the next plotting commands will be drawn on it.

Animated Plot:
>>x=0:0.01:1;
>> for n = 0 50;
>> plot(X;-sin(n*pi/5)*sin(pi*X)), axis([0, 1, -2, 2]);
>> pause(0:1); % define the value of pause
>>end;

Multi-plots;

e Several'graphs may be drawn on the same figure as in
» plot(x,y, k-',x,cos(3*pi*x),'g--")

& __A descriptive legend may be included with
» legend('Sin curve','Cos curve')
»title("Multi-plot’)
» Xlabel('x axis"), ylabel('y axis')
» grid

e Check
» help legend for more details

Hold:
e A call to plot clears the graphics window before plotting the current graph.
e This is not convenient if we wish to add further graphics to the figure at some later
stage.
e To stop the window being cleared:
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» plot(x,y,'r-"), hold on
» plot(x,y,'gx"), hold off
e “hold on" holds the current picture; “hold off" releases it (but does not clear the window,
which can be done with clf). “hold" on its own toggles the hold state.

Subplot:
The graphics window may be split into an m x n array of smaller windows into each of which
we may plot one or more graphs.
The windows are counted 1 to mn row-wise, starting from the top left.
Both hold and grid work on the current subplot.
» subplot(221), plot(x,y)
» Xlabel('x"),ylabel('sin 3 pi X’)
» subplot(222), plot(x,cos(3*pi*x))
» Xlabel('x"),ylabel(‘cos 3 pi x')
» subplot(223), plot(x,sin(6*pi*x))
» Xlabel('x"),ylabel('sin 6 pi x)
» subplot(224), plot(x,cos(6*pi*x))
» Xlabel('x"),ylabel(‘cos 6 pi x)
e subplot(221) (or subplot(2,2,1)) specifies that the window"should be split into a 2 x 2
array and we select the first subwindow.
e The current setting of any plot property can be determined by first obtaining its “handle
number”, which is simply a real number that weSave to a named variable:
» plt = plot (x,y."3,'k--0")
e and then using the get command. This lists'the’settings for a number of properties
» get(plt)

Formatted text on Plots:
e Open a MATLAB script and type following commands in that.
e Save the script as plotl.m and use run command to execute script
close all
figure(1);
set(0,'defaultaxesfontsize’,12)
set(0,'defaulttextfontsize’,16)
set(0, defaulttextinterpreter’,'latex’)
N.= 100;n = 1:N;
y=(1+17n). n;
subplot(2,1,1)
plot(n,y,".','markersize’,8)
hold on
axis([0 N,2 3])
plot([0 N].[1, 1]*exp(1),"--)
text(40,2.4,'$y_n = (1+1/n)"n$")
text(10,2.8,'y = €")
xlabel('$n$"), ylabel('$y_n$")
e Output figure is shown below. Features of above script file are:
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The set commands in lines 3-4 increase the size of the default font size used for the axis
labels, legends, titles and text.

Line 4 tells Matlab to interpret any string contained within $ symbols as LATEX
commands.

Defining a variable N = 100 makes it easier to experiment with a different number of
sampling points.

The size of the plot symbol “.” is changed from the default (6) to size 8:by:the;additional
string followed in the plot command.

The axis command changes the dimensions of the plotting area to'be ©:<x <N and 2 <
y <3.

The axis command has four parameters, the first two are the minimum and maximum
values of x to use on the axis and the last two are the minimum and maximum values
of y.

The command text(40,2.4,'string") prints string atthelocation with coordinates (40 2.4).
The string y_n gives subscripts: yn, while x"3/gives.superscripts: x3.

fplot(): This function is used to Plot expression or function
Different Syntax:

1. fplot(f) plots the curve defined by the function y = f(x) over the default interval [-5
5] for x.

2. fplot(f xinterval) plots over the specified interval. Specify the interval as a two-element
vector of the form [xmin xmax].

3. fplot(funx,funy) plots the curve defined by x = funx(t) and y = funy(t) over the default
interval [-5 5] for t.

4. fplot(funx,funy,tinterval) plots over the specified interval. Specify the interval as a two-
element vector of the form[tmin tmax].

5. fplot(___,LineSpec) specifies the line style, marker symbol, and line color. For
example, -r' plots a red line. Use this option after any of the input argument
combinations in the previous syntaxes.

6. fplot( " Name,Value) specifies line properties using one or more name-value pair
arguments. For example,'LineWidth',2 specifies a line width of 2 points.

7~ fplot(ax,__ ) plots into the axes specified byax instead of the current axes (gca).
Specify the axes as the first input argument.

8. fp = fplot(__ ) returns a FunctionLine object or a ParameterizedFunctionLine object,
depending on the inputs. Usefp to query and modify properties of a specific line. For a
list of properties, see FunctionLine Properties orParameterizedFunctionLine
Properties.

9. [x,y] =fplot(__ ) returns the abscissas and ordinates for the function without creating
a plot. This syntax will be removed in a future release. Use
the XData and YData properties of the line object, fp, instead.

Examples:
1. Plot sin(x) over the default x interval [-5 5].

>> fplot(@(X) sin(x))
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Plot the parametric curve ¥ = €05(3t) gnd ¥ = sinl2t)
>> xt = @(t) cos(3*t);
>> yt = @(t) sin(2*t);
>> fplot(xt,yt)

Plot the piecewise function

e -3 <x=<0D

cos(x 0«<x<«3

>> fplot(@(x) exp(x),[-3 0],'b)

>> hold on

>> fplot(@(x) cos(x),[0 3],'b")

>> hold off

>> grid on
Specify Line Properties and Display Markers: Plot three sine waves with different
phases. For the first, use a line width of 2 points. For the second, specify a dashed red
line style with circle markers. For the third, specify a cyan, dash-dotted line style with
asterisk markers.

>> fplot(@(x) sin(x+pi/5),'Linewidth’,2);

>> hold on

>> fplot(@(x) sin(x-pi/5),"--or");

>> fplot(@(x) sin(x),-.*c')

>> hold off
Plot Multiple Lines in Same Axes: Plot two lines using hold on.

>> fplot(@(X) sin(x))

>> hold on

>> fplot(@(Xx) cos(x))

>> hold off

fplot(): Plot symbolic expression ar function

Syntax and Description:

1. fplot(f) plots symbolic‘input fover the default interval [-5 5].
2. fplot(f,[xmin xmax])plotsif-over the interval [xmin xmax].
3. fplot(xt,yt) plots xt= X(t) and yt = y(t) over the default range of t, which is [-5 5].
4. fplot(xt,yt,[tmin tmax]) plots xt = x(t) and yt = y(t) over the specified range [tmin
tmax].
5. fplot(__4;LineSpec) uses LineSpec to set the line style, marker symbol, and line color.
6. fplot(. . ,Name,Value) specifies line properties using one or more Name,Value pair
arguments: Use this option with any of the input argument combinations in the
previous syntaxes. Name,Value pair settings apply to all the lines plotted. To set
options for individual lines, use the objects returned by fplot.
7. fplot(ax,__ ) plots into the axes specified by ax instead of the current axes gca.
8w /fp = fplot(__ ) returns a function line object or parameterized line object, depending
on the type of plot.
Examples:
1. Plot Symbolic Expression: Plot tan(x) over the default range of [-5 5].
>> syms X
>> fplot(tan(x))
2. Plot Symbolic Function: Plot the symbolic function /1) = €os(x) gver the default

range [-5 5].

>> syms f(x)
>> f(X) = cos(x);
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3.

4.

>> fplot(f)
Plot Parametric Curve:Plot the parameteric curve * = €0s(3t) gnd ¥ = sin (2]

>> syms t

>> X = c0s(3*t);

>> y = sin(2*t);

>> fplot(x,y)
Specify Plotting Interval: Plot Sin (¥} gver .= /2,7 /2] by specifying the plotting
interval as the second input to fplot.

>> syms X

>> fplot(sin(x),[-pi/2 pi/2])
Plot Multiple Lines on Same Figure: You can plot multiple lines either by passing
the inputs as a vector or by using hold on to successively plot on the same figure.
Divide a figure into two subplots using subplot. On the first subplot,

plot sin(¥) and @5} ysing vector input. On the second subplot,
plot Sin(¥) and @5 (! ysing hold on.

>> Syms X

>> subplot(2,1,1)

>> fplot([sin(x) cos(x)])

>> title("Multiple Lines Using Vectordnputs')

>> subplot(2,1,2)

>> fplot(sin(x))

>> hold on

>> fplot(cos(x))

>> title("Multiple Lines Using hold on Command’)
>> hold off

6. Create Animations: Create animations by changing the displayed expression using
the Function, XFunction, and Y Function properties and then by using drawnow to
update the plot. By varying the variable i from 0.1 to 3, animate the parametric curve
x=it sin(it),y=it cos(it). To play the animation, click the image.

>> syms t

>>.fp'= fplot(t, t);

>> axis([-15 15 -15 15])

>>for i=0.1:0.05:3

>> fp.XFunction = i.*t.*sin(i*t);
>>  fp.YFunction = i.*t.*cos(i*t);
>>  drawnow

>>end

comet(): 2-D comet plot

1.

IEAIN

Syntax and Description:

comet(y) displays a comet graph of the vector y. A comet graph is an animated graph
in which a circle (the comet head traces the data points on the screen. The

comet bodyis a trailing segment that follows the head. The tail is a solid line that
traces the entire function.

comet(x,y) displays a comet graph of vector y versus vector X.

comet(x,y,p) specifies a comet body of length p*length(y). p defaults to 0.1.
comet(ax,...) plots into the axes ax instead of into the current axes (gca).

Example: Create Comet Graph

1)
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>>x=0:0.001: 1; comet(x, sqrt(1 - x."2), 0);
2)

>>1t=0:.01:2*pi;

>> X = cos(2*t).*(cos(t)."2);

>>y = sin(2*t).*(sin(t)."2);

>> comet(x,y);

ezplot():Easy-to-use function plotter

1.

2.

ezplot(fun) plots the expression fun(x) over the default domain -2z < x <2,
where fun(x) is an explicit function of only x. fun can be a function handle or a
character vector.

ezplot(fun,[xmin,xmax]) plots fun(x) over the domain: xmin < x < xmax.

For an implicit function, fun2(x,y):

3.
4.

5.

~

9.

ezplot(fun2) plots fun2(x,y) = 0 over the default domain -2n <X < 2m, - 20\ <Y< 27.
ezplot(fun2,[xymin,xymax]) plots fun2(x,y) = 0 over xymin < x < xymax and Xxymin<
y < Xymax.

ezplot(fun2,[xmin,xmax,ymin,ymax]) plots fun2(x,y) = 0 over xmin'<.X< xmax and
ymin <y < ymax.

ezplot(funx,funy) plots the parametrically defined planar curve funx(t) and funy(t)
over the default domain 0 < t< 2m.

ezplot(funx,funy,[tmin,tmax]) plots funx(t) and funy(t)overtmin <t < tmax.
ezplot(...,fig) plots into the figure window identified by fig. Use any of the input
argument combinations in the previous syntaxes that'include a domain. The domain
options are[xmin xmax], [xymin xymax], [xmig xmax ymin ymax], and [tmin tmax].
ezplot(ax,...) plots into the axes ax instead of the'current axes (gca).

10. h = ezplot(...) returns either a chart line or contour object.

Examples:

1.

2.

3.

Plot an Explicit Function:Pletithe explicit function x* over the domain =27, 27
>> ezplot(x"2%)
Plot an Implicit Functien:Plot the implicitly defined function x*— y* =0 over the

domain =27, 2 _

>> ezplot('x"2-y"4")
Passing Additienal Arguments: If your function has additional parameters, for
example K'in'myfun:

>> function z = myfun(x,y,k)

>>7 =x"K-y k-1,

then you‘Can use ‘an anonymous function to specify that parameter:

>> ezplot(@(x,y)myfun(x,y,2))

Plots inpolar coordinates:

polar(): This function is used for plotting polar coordinates. polarplot() is recommended
instead of polar().The polar function accepts polar coordinates, plots them in a Cartesian
plane, and draws the polar grid on the plane.

Syntax and Description:

1.

polar (theta,rho): creates a polar coordinate plot of the angle theta versus the

radius rho. theta is the angle from the x-axis to the radius vector specified in

radians; rho is the length of the radius vector specified in dataspace units.

polar (theta,rho,LineSpec): LineSpec specifies the line type, plot symbol, and color
for the lines drawn in the polar plot.

polar (axes_handle,...): plots into the axes with the handle axes_handle instead of
into the current axes (gca).
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4. h=polar (...): returns the line object in h.

polarplot(): Plot line in polar coordinates
1. polarplot(theta,rho): plots a line in polar coordinates, with theta indicating the angle
in radians and rho indicating the radius value for each point. The inputs must be
vectors with equal length or matrices with equal size. If the inputs are matrices,
then polarplot plots columns of rho versus columns of theta. Alternatively, one of the
inputs can be a vector and the other a matrix as long as the vector is the same length
as one dimension of the matrix.
2. polarplot(theta,rho,LineSpec): sets the line style, marker symbol, and color for the
line.
polarplot(thetal,rhol,...,thetaN,rhoN): plots multiple rho,theta pairs.
4. polarplot(thetal,rhol,LineSpecl,...,thetaN,rhoN,LineSpecl): specifies.the line
style, marker symbol, and color for each line.
5. polarplot(rho): plots the radius values in rho at evenly spaced angles.between 0 and
2m.
polarplot(rho,LineSpec): sets the line style, marker symbol, and:cales for the line.
polarplot(Z): plots the complex values in Z.
polarplot(Z,LineSpec): sets the line style, marker symbolyand color for the line.
polarplot(__ ,Name,Value): specifies properties of the chartsline using one or
more Name,Value pair arguments. The property settings apply to all the lines. You
cannot specify different property values for differentlines’using Name,Value pairs.
10. polarplot(pax,___): uses the PolarAxes objeet specified by pax, instead of the current
axes.
11. p = polarplot(__ ): returns one or more‘chart:line objects. Use p to set properties of a
specific chart line object after it is created.

w

©ooNo

ezpolar():Easy-to-use polar coordinate plotter
Syntax and Descripition:
1. ezpolar(fun) plots the polar curve rho = fun(theta) over the default domain 0 < theta <
2. fun can be a functien handle or a character vector
2. ezpolar(fun,[a,b]) plots fun.for a < theta < b.
3. ezpolar(axes_handle,.:) plots into the axes with handle axes_handle instead of the
current axes (gca).
4. h =-ezpolar(s.) returns the handle to a line object in h.
Example:

e Polar.Plotiof Mathematical Function: Plot the function 1 * €0s(f} gver the

ddmain % 27|
>> figure
>> ezpolar(‘1+cos(t)")

Examples:

1. Create a simple polar plot using a dashed red line.
>> theta = 0:0.01:2*pi;
>> rho = sin(2*theta).*cos(2*theta);
>> figure
>> polar(theta,rho,'--r')

2. Plot aline in polar coordinates.
>> theta = 0:0.01:2*pi;
>> rho = sin(2*theta).*cos(2*theta);
>> polarplot(theta,rho)
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3. Convert from Degrees to Radians Before Plotting: Create the data to plot. Convert
the values in theta from degrees to radians. Then, plot the data in polar coordinates.
>> theta = linspace(0,360,50);
>> rho = 0.005*theta/10;
>> theta_radians = deg2rad(theta);
>> polarplot(theta_radians,rho)
4. Plot Multiple Lines in Polar Coordinates
>> theta = linspace(0,6*pi);
>> rhol = theta/10;
>> polarplot(theta,rhol)
>> rho2 = theta/12;
>> hold on
>> polarplot(theta,rho2,'--")
>> hold off
5. Plot Radius Values at Equally Spaced Angles: Specify only the radius.values,
without specifying the angle values. polarplot plots the radius values at.equally spaced
angles that span from 0 to 2=. Display a circle marker at each data point.
>>rho = 10:5:70;
>> polarplot(rho,'-0")
6. Plot Negative Radius Values: Create a polar plot using negative radius values. By
default, polarplot reflects negative values through the origin.
>> theta = linspace(0,2*pi);
>> rho = sin(theta);
>> polarplot(theta,rho)
7. Change the limits of the r-axis so it ranges from -1 to 1.
>> rlim([-1 1])
8. Plot the circular diagram
>> A =0, 10, 30, 40, 20]; B =jeumsum(A)
>> hold on; axis equalyezpolar(’1’);
>> for i =1 : length(A),
>> polar([B(i), B -1, 1 +i-1]);
>> end
9. There are also methods using the command compass
>> A = [0, 10,30, 40, 20]; B = cumsum(A); C = B.*360/100
>> eompass(cosd(C), sind(C))
10. The commands/pie or pie3.
>>data = [10 30 40 20]; parts =[1 0 0 0];
>> pie(data, parts)
>> pie3(data, parts)
11" We'plot a regular star (m,n)-gonwith relatively prime m and n.
>>n=5m=2;
>> | =0:n; polarplot(m*i.*2*pi/n, L +i-i ; )’
12:/we plot the disconnected stafm,n)-gon.
>>n=12;m=3;i=0:n; % mcopies (components) of n/m-gon
>>hold on; forj=0:m - 1;

>> polar((i.*m+j)*2*pi/n, L +i-i ;7 )’; axi s equal ;
>> end

13. We plot the roses using the program below:
>> syms t;

>>h=1;N=5M=3;n=1;
>>hold on; forc=1: M;
>>p=2*-1;
>>fora=n:N;

References: 1) MATLAB Documentation 2) An Introduction to MATLAB by David F. Griffiths



>> subplot(M, N-n+1, (N-n+1)*(c-1)+a-n+1);
>> ezpolar(sin(a/b*t), [0 2*b*pi]); axis equal;

>> end;
>>end
14. Plot the leaf cross by its polar equation f = max{2cos(2t)2,0.3}.
>> f = ‘max(2*%cos(2*t)~2, 0.3)"

>hold on; ezpolar('0.25"); ezpolar(’2.05"% ;
>> ezpolar(f); axis equal,

Note: Other commands for data visualization that exist in MATLAB include
loglog: plot using log-log scales

semilogx: plot using log scale on the x-axis
semilogy: plot using log scale on the y-axis
surf: 3-D shaded surface graph

surfl: 3-D shaded surface graph with lighting
fsurf: plot 3-D surface

mesh: 3-D mesh surface

fmesh: plot 3-D mesh

. fplot3: 3-D parametric curve plotter

10. fcontour: plots contours

CoNoR~LNE

Note: Use fplot() for parametric curves, ezplot() for cartesian” curves,
polar()/polarplot() for polar curves, plot() for simple curves.
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Graphics & plotting.

figure Create Figure (graph window).

clf Clear current figure.

close Close figure.

subplot Create axes in tiled positions.

axis Control axis scaling and appear-
ance.

hold Hold current graph.

figure Create figure window.

text Create text.

print Save graph to file.

plot Linear plot.

loglog Log-log scale plot.

semilogx  Semi-log scale plot.
semilogy  Semi-log scale plot.

Specialized X-Y graphs.

polar Polar coordinate plot.

bar Bar graph.

stem Discrete sequence or "stem” plot.

stairs Stairstep plot.

errorbar  Error bar plot.

hist Histogram plot.

rose Angle histogram plot.

compass Compass plot.

feather Feather plot.

fplot Plot function.

comet Comet-like trajectory.
Graph annotation.

title Graph title.

xlabel X-axis label.

ylabel Y-axis label.

text Text annotation.

gtext Mouse placement of text.

grid Grid lines.

contour Contour plot.

mesh 3-D mesh surface.

surf 3-D shaded surface.

waterfall Waterfall plot.

view 3-D graph viewpoint specifica-
tion.

zlabel Z-axis label for 3-D plots.

gtext Mouse placement of text.

grid Grid lines.
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