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Example:

plot the following table contains sales data of a company from 1988 to 1994.

Year 1988 1989 1990 1991 1992 1993 1994
Sales 8 12 20 22 18 24 27
(millions)
m igures - Figure <
>> yr: [1988 :1 :1994]; EileF Edit Eie: glnser: Tools Debug Desktop Window Help [:]s[lﬁl-x
5 dS | | ARRTDEL-2|0E = inp=N-iw]
>>sle=[8 12 20 22 18 24 27]; an )
25 |- akf“_;"’
>> plot(yr,sle,"--r*") ol N
/ 16 s g
Line Specifiers: %
dashed red line and 1?&”’
asterisk marker. foss 7080 1500 7501 1003 1094

plotting a function with matlab

1. THE plot COMMAND

In order to with the plot command, the user needs to first create a vector of values
of x for the domain over which the function will be plotted. Then a vector y is

created with the corresponding values of by using element-by-element calculations.

v =3

.5

As an

—0.5x

example,

the following script file.

the plot command

% A script file that creates a plot of

% the function:

x=[-2:0.01:4] ;
y=3.5.72(-0.5*x) . *cos (6*x) ;

plot

(x,vy)

3.5.7(-0.5*x) . *cos (6x)

is used to plot the function

cos(6x) for —2 <x <4 . A program that plots this function is shown in

[ Create vector x with the domain of the function. ]

Create vector y with the function
value at each =.

[ Plot v as a function of x=. ]
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2. THE fplot COMMAND
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The fplot command plots a function with the form y = f{x) between specified
limits. The command has the form:

[ fplot (‘function’,limits, ‘line specifiers’ ]]
The function to The domain of x and, Specifiers that define the
be plotted. optionally, the hmits type and color of the line
of the v axis. and markers (optional).
For example, a plot of the function y = x2+4sin(2x)—1 for -3 <x<3

be created with the fplot command by typing:

>> fplot('x*2+4*sin(2*x)-1',[-3 3])

The figure that is obtained in the Figure Window is shown in Figure

10

Plotting multiple graphs in the same plot

In many situations there is a need to make several graphs in the same plot. One is by
using the plot command, the second is by using the hold on and hold off commands,
and the third is by using the line command

1. Using the plot Command
Two or more graphs can be created in the same plot by typing pairs of vectors
inside the plot command. The command

BLOE (38, V0, U L, 1)

creates three graphs—yvy vs. x, v vs. u, and h vs. t—all in the same plot. The vec-
tors of each pair must be of the same length. MATLAB automatically plots the
graphs in different colors so that they can be identified. It is also possible to add
line specifiers following each pair. For example the command

Blot (%, ¥; Y=B' ; UsTy Y—=F% ; €50, Mger)
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Example:

Plot the function y = 3x3-26x+ 10, and its first and second derivatives, for
-2 <x <4, all in the same plot.

The first derivative of the function is: ' = 9x2-26.
The second derivative of the function is: )" = 18x.
A script file that creates a vector x and calculates the values of y, y', and y" is:

x=[-2:0.01:4]; [ Create vector x with the domain of the function. |
y=3*x.~3-26*x+6; ( Create vector y with the function value at each x.]|
yd=9*x."2-26; [ Create vector yd with values of the first derivative.]
ydd=18%*x; [ Create vector ydd with values of the second derivative.]

plot(x,y,'-b',x,yd,'--r' ,x,ydd, ':k")

[ Create three graphs, y vs. x, yd vs. x, and ydd vs. x, in the same figure. ]

2. Using the hold on and hold off Commands

To plot several graphs using
the hold 150 - - - - - on and hold off

| commands, one graph
is plotted 100f 77 first with the plot
command. Then the hold on
command is typed. This keeps the
Figure Window with the first
plot open, including  the  axis
properties and formatting, As an
example, a o — solution of last Problem
using the hold on and hold off

commands is shown in the following script file:
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x=[-2:0.01:4];
y=3*x. *3-26*x+6;
yd=9*x *2-26;

ydd=18%*x

plot(x,y,'-b") [ The first graph is created. ]
hold on

plot(x,yd,'--r') ['l'wo more graphs are added to the figure. ]
plot(x,ydd, ':k')

hold off

1. Putting multiple plots on the same page
Multiple plots can be created on the same page with the subplotcommand, which has the form:

subplot (m, n,p}]

The command divides the Figure Window
(and the page when printed) into m x n rectangu-

lar subplots. The subplots are arranged like ele- (3.2,1) (3,2,2)
ments in an m X n matrix where each element is a
subplot. The subplots are numbered from 1 (3.2.3) (3.2.4)

through m - n. The upper left subplot is numbered
1 and the lower right subplot is numbered m - n.
The numbers increase from left to right within a (3.2,5) (3.2,6)
row, from the first row to the last. The command
subplot (m, n, p) makes the subplot p current.

If we solution lastexample using sub plot
getting:

clear all

clc

x=[-2:0.01:4];

y=3*x.723-26*x+6;

yd=9*x.*2-26;

ydd=18*x;

subplot(2,2,1) ,plot(x,y, '-b')
subplot(2,2,2) ,plot(x,yd, '--r")
subplot(2,2,3) ,plot(x,ydd, ':k"')
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Formatting a Plot Using Commands:

The formatting commands are entered after the plot or the fplot command.
The various formatting commands are:

The x1abel and ylabel commands:

Labels can be placed next to the axes with the x1abel and ylabel command
which have the form:

xlabel (‘text as string’)
ylabel (‘text as string’)

The title command:

A title can be added to the plot with the command:

title(‘text as string’)

The 1egend command:

The 1egend command places a legend on the plot. The legend shows a sample of
the line type of each graph that is plotted, and places a label, specified by the user,
beside the line sample. The form of the command is:

legend (‘stringl’, ‘string2’, ..... , POS)

The text command:

A text label can be placed in the plot with the text or gtext commands:

text (x,v, ‘text as string’)
gtext (‘text as string’)

The text command places the text in the figure such that the first character is
positioned at the point with the coordinates x, v (according to the axes of the fig-
ure). The gtext command places the text at a position specified by the user.
When the command is executed, the Figure Window opens and the user specifies
the position with the mouse.
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The axis command:

When the plot (x, yv) command is executed, MATLAB creates axes with limits
that are based on the minimum and maximum values of the elements of x and v.
The axis command can be used to change the range and the appearance of the
axes. In many situations a graph looks better if the range of the axes extend
beyond the range of the data. The following are some of the possible forms of the

axis command:

axis([xmin, xmax, ymin, ymax])

axis
axlis

axis

equal
square

tight

Sets the limits of both the x and v
axes (xmin, xmax, ymin, and
ymax are numbers).

Sets the same scale for both axes.

Sets the axes region to be square.

Sets the axis limits to the range of the data.

An example of formatting a plot by using commands is given in the following
script file which was used to generate the formatted plot:

Y AXIS
LABEL

INTENSITY [lux)

[ PLOT TITLE

N

1200

1000}

800f

600

4001

2001

Light Intensity as a Function of Distance

—— Theory
-&F Experiment

Comparison between theory and mpg'mem.|

*J TEXT
|| LABEL

MARKER ]

10 12 14 16 18 20 22 24
DISTANCE (cm)

‘\[ X AXIS LABELJ
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The code:

x=[10:0.1:22];

y=95000./x.72;

xd=[10:2:22] ;

yd=[950 640 460 340 250 180 140];

plot(x,y,'-"', ' 'LineWidth',1.0)

xlabel ('DISTANCE (cm) ')

ylabel (' INTENSITY (lux)')

title (' \fontname {Arial}lLight Intensity as a Function of Distance',k 'FontSize',614)
axis([8 24 0 1200])

gtext ('Comparison between theory and experiment.',6 'EdgeColor','r', 'LineWidth',2)
hold on

plot(xd,yd, 'ro--"', 'linewidth',1.0, 'markersize' , 10)

legend( 'Theory', 'Experiment', 0)

hold off

Formatting a Plot Using the Plot Editor

A plot can be formatted interactively in the Figure Window by clicking on the plot and/or
using the menus. Figure 5-8 shows the Figure Window with the plot of Figure. The Plot
Editor can be used to introduce new formatting items or to modify formatting that was
initially introduced with the formatting commands.

& . . . R
Click the arrow button to start the plot edit mode. Then click
on an item. A window with formatting tool for the item opens.

. J

Use the Edit Bl Figure 1 / M=%
Eile Edt View Lnser/ Tools Desktop Window Help ~
it e MARODRA-|G|0E =0

menus to add

7 i Light Intensity as a Function of Distance
formatting T : . - : y T

objects, or to = Theory
] s s ~ Expenment
edit existing iy e 1
objects.
= ~ 800}
3
. 5 ¥ f_’ Gom parison between theory and experiment.|
(‘vhdngc posi- £ eol
tion of a label, o
legend or Z 40t |
v

other object by |-

clicking on the i 2 2N il
: ©
object and
0 il 1 1 1 1

. L 1
dragging. = 8 10 12 14 16 8 20 22 24
: DISTANGE (cm)

Formatting a plot using the Plot Editor.

PLOTSWITHSPECIAL GRAPHICS

1. PLOTSWITHERROR BARS
Plots with error bars can be done in MATLAB with the error bar command. Two forms of the
command, one for making plots with symmetric error, the error bar extends the same length above
and below the data point and the command has the form:
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[ errorbar(x, vy, e)

Vectors with horizontal and verti- Vector with the value of the
cal coordinates of each point. error at each point.

The plot in Figure, which has symmetric error bars, was done by executing the
following code:

1000

900 B

xd=[10:2:22];

800 —

yd=[950640460340250180140]; = |

600 ~

500 B

INTENSITY (ux)

ydErr=[30 20 18 352030 10]

400 ~

errorbar(xd,yd,ydErr) s00] |

200 5

xlabel('DISTANCE (cm)") e - R R TS R T R

DISTANCE {cm)

ylabel'INTENSITY (lux)")

2. Bar (vertical and horizontal) plot, are presented in the following charts using the sales data:

Vertical Bar - yr=[1988:1994] ;
Plot sle=[8 12 20 22 18 24 27];
- bar (yr,sle, 'r') ghe
Function 5 ' . bars are
format: g xlabel ('Year"') in red.
) § ylabel ('Sales (Mil-
lions) ')
bar(x,vy)
1088 1982 1990 1921 1992 1993 1994
Year
Horizontal Bar yr=[1988:1994];
Plot o sle=[8 12 20 22 18 24 27];
__ 1983 barh (yr,sle)
- 2
Fancion | £~ e e e
) 8 (oo ylabel ('Year')
wi
1889
barh(x,vy) s
o 5 o 15 2‘0 25 30
Year
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3. Stairs and stem plot As following

Stairs Plot - yr=[1988:1994] ;
sle=[8 12 20 22 18 24 27] j
3 ast

Function - stairs(yr,sle)
format: £ =0 —’—\_

=

(% s}
stairs(x,vy) :

1o} |

s L . 2 . "
1888 REES 1380 1931 REEH 1583 1394
Year

Stem Plot i yr=[1988:1994] ;
. - ] sle=[8 12 20 22 18 24 27];
Function — ? | stem(yr,sle)
Format 2
= 15}
stem(x,y) i I

Teas 1gas EES) EEEH EEES] 1ga3 1234
Year

4. Histogram plot Histograms are created in MATLAB with the hist command.
The simplest form of the command is: .
[ hlst(y)}

y is a vector with the data points. MATLAB divides the range of the data points into
10 equally spaced sub ranges (bins) and then plots the number of data points in each
bin. For example, the following data points are the daily maximum temperature (in F)
in Washington, DC, during the month of April 2002: 58 73 73 53 50 48 5673 73 66
69 63 74 82 84 91 93 89 91 80 59 69 56 64 63 66 64 74 63 69 (data from the U.S.
National Oceanic and Atmospheric Administration). A histogram of this data is
obtained with the commands:

>> y=[58 73 73 53 50 48 56 73 73 66 69 63 74 82 84 91 93 89
91 80 59 69 56 64 63 66 64 74 63 69] ;

>> hist(y)

-

Number of days

'l

L

20 S50 &0 70 a0 S0 100
Temoarature (F)
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5. POLARPLOTS

Polar coordinates, in which the position of a point in a »
plane is defined by the angle 0 and the radius (distance) to

the point, are frequently used in the solution of science and r
engineering problems. The polar command is used to

plot functions in polar coordinates. The command has the X

form:

[ polar (theta,radius, ‘line specifiers’)J

(Optional) Specifiers that
Vector Vector define the type and color of
the line and markers.

element calculations. The two vectors are then used in the polar command.

For example, a plot of the function » = 3cos?(0.50)+6 for 0<0<2m is
shown below.

150 7
t=linspace (0,2*pi,h 200) ;
r=3*cos (0.5*t) .2+t ;
polar(t,r)

180
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Three-Dimensional Plots

1. LINE PLOTS

A three-dimensional line plot is a line that is obtained by connecting points in
three-dimensional space. A basic 3-D plot ‘is created with the plot3 command,
which is very similar to the plot command and has the form:

{ plot3(x,y,z, ‘1line specifiers’, ‘PropertyName’,property va;ue)]

%, y,and z are  (Optional) Specifiers that  (Optional) Properties with val-
vectors of the  define the type and color of  ues that can be used to specify
coordinates of  the line and markers. the line width, and marker’s
the points. size and edge and fill colors.

For example, if the coordinates x, y, and z are given as a function of the parameter

t by
N5 = ﬁsin(Zl)
P = A/;Cos(2t)
z = 0.5%
a plot of the points for 0 <7< 6t can be produced by the following script file:
t=0:0.1:6*pi;

x=sqrt(t).*sin(2*t);

10

y=sqrt(t).*cos(2*t);

z=0.5*t;

oo N A O @

plot3(x,y,z,'k','linewidth',1)

grid on

xlabel('x'); ylabel('y'); zlabel('z")

MESH AND SURFACE PLOTS

Mesh and surface plots are three-dimensional plots used for plotting functions of the
form z =f(x,y) where x and y are the independent variables and z is the dependent
variable. It means that within a given domain the value of z can be calculated for any
combination of x and y. Mesh and surface plots are created in three steps.

The first step is to create a grid in the x y plane that covers the domain of the
function. The second step is to calculate the value of z at each point of the grid. The

third step is to create the plot.
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Creating a grid in the x y plane (Cartesian coordinates):
The grid is a set of points in the x y plane in the domain of the function. The den-

sity of the grid (number of points used to define the domain) is defined by the
user. Figure 10-2 shows a grid in the domain -1 <x<3 and 1 <y<4. In this grid

yA

L4 O (1.4 2.4 G4

-1,2) O.p) (1,2) 2,2) 3.2)

LD 0.4 (1,]1) 2,1) G,]1)

A grid in the x y plane for the domain -1 <=x <3 and 1 <y <4 with
spacing of 1.

the distance between the points is one unit. The points of the grid can be defined
by two matrices, X and ¥. Matrix X has the x coordinates of all the points, and
matrix Y has the y coordinates of all the points:

=10123 44444
¥ (10123 4 v-[33333
=10123 2203 2.2
50 193 4 4 #93

MATLAB has a built-in function, called meshgrid, that can be used for creating the

X and Y matrices. The form of the meshgrid function is:

[ [X,Y] =meshgrid(x,y) }

/(

X 1s the matrix of the x coordi- % is a vector that divides the domain of x.
nates of the grid points. y 1s a vector that divides the domain of y.

Y is the matrix of the y coordi-
nates of the grid points.
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x=-3:3

y=-3:1
[X,Y]=meshgrid (x,y)

Ans:

X =

3 2 -1 0 1 2 3
3 -2 -1 0 1 2 3
3 -2 -1 0 1 2 3
3 2 -1 0 1 2 3
3 -2 -1 0 1 2 3
Y =

1 1 1 1 1 1 1

Making mesh and surface plots:

A mesh or surface plot is created with the mesh or surf command, which has
the form:

[mesh(X,Y,Z)} [surf(X,Y,Z)]

where X and Y are matrices with the coordinates of the grid and Z is a matrix with
the value of z at the grid points. The mesh plot is made of lines that connect the
points. In the surface plot, areas within the mesh lines are colored.

As an example, the following script file contains a complete program that
creates the grid and then makes a mesh (or surface) plot of the function
Z = ;\12 - over the domain -1 <x<3 and 1 <y<4.

X= y=<

x=-—1:0.1:3;

y=1:0.1:4;

[X,¥Y]=meshgrid(x,y) ;

Z=X_.*Y "2 _/(X."2+Y."2) ;

mesh (X,Y, 2) ( Type surf (X, Y, z) for surface plot. |
xlabel('x'); ylabel('y'); zlabel('z"')
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Note that in the program above the vectors x and y have a much smaller spacing
than the spacing earlier in the section. The smaller spacing creates a denser grid.
The figures created by the program are:

R
1 LR 53 .
R =

(ST - N
O O eSS -

LIALRD
LIHAZR
L5

‘\\\\\\\\\\
'.' "i =3 |

S
I
|
1

5
I
I
I

3
1
1

Mesh plot Surface plot

Exampls:
1. plot x+y+z=1in 3D?

Solution:

x=-1:.01:1;

Y=X/

[x y]=meshgrid(x,y) ;
z=1-x-y;

mesh (x,y,z)

xlabel ('x-axis')
ylabel ('y-axis')
zlabel ('z-axis')

z-axis

X-axis

2. plot x*+y*=7* in 3D?

x=-1:.01:1;
Y=X/
[x y]=meshgrid(x,y)
zl=sqgrt(x."2+y.*2); z2=-
sqrt (x.”2+y."2) ;

mesh (z1)

hold on
mesh (z2)

xlabel ('x-axis')
ylabel ('y-axis')
zlabel ('z-axis')

-axis

300

y-axis oo x-axis



PROBLEMS

Use the fplot command to plot the function
flx) = flcos(3x)| + sin?(4x) 1in the domain -2 =x = 2.

Make two separate plots of the function f(x) = (x+ 1)(x=2)(2x-0.25) -¢*,
one plot for 0 <x<3 and one for -3 <x<6.

Plot x2+y2=22+1 (Hyperbloid of one sheet) in 3D?

olot x%-y?=z (Elliptic paraboloid) in 3D.

Prove (by plot) the equation (x2+y2:16) is the circle in 2D
, and cylindrical in 3D?

plotthe datax=(3 4 6 810), y=(12 14 16 20 22) ,using
Bars,Stairs and stem plots?

An electrical circuit that includes a voltage source v 7
s .| Battery

ve¢ with an internal resistance r¢ and a load resis- | | )
tance R, is shown in the figure. The power P dissi- P V\'{
pated in the load is given by
A
ViR
P = SN L - RL
(R +rg) MWW

Plot the power P as a function of R, for
1SR, <100, giventhat v = 12V and r¢ = 2.5Q.

The position of a moving particle as a function of time is given by:

x = (4-0.17)sin(0.87) v = (4-0.1r)cos(0.87) z = 0.4/372)

Plot the position of the particle for 0 <7< 30.




