Plotting in MATLAB
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Example: Plot y = 0.4 X v1.8x for 0 < x < 52, where The autoscaling feature in MATLAB selects tick-mark
y represents the height of a rocket after launch, in spacing.

miles, and x is the horizontal (downrange) distance :
in miles.

>>
>>
>>
>>
>>
>>

Notice that for each x there is y; so MATLAB plots |
one array against another.

X
y

0:0.1:52; &
0.4*sqrt (1.8*x);

plot(x,y);

xlabel ('Distance (miles)’);

ylabel ("Height (miles)’);
title('Rocket Height vs. Distance’);

Rocket Height as a Function of Downrange Distance
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Also notice how we added the axes labels and plot title. I A T

The resulting plot is shown on the next slide. Copri . Moaned i

Distance (miles)

60

The plot will appear in the Figure window. You can use the

plot in other applications in several ways:

You can print a hard copy of the figure by selecting
File | Print menu item in the Figure window.

You can save the plot to a file to be used later. You can
save the plot by selecting File | Save As menu item.
Possible file formats include: *.fig (MATLAB format),

* bmp, *.eps, *.jpg, *.png, *.tif, *.pdf, .... Another way
to save is File | Export Setup that allows specifying
options for the output file, then selecting Export.

You can copy a figure to the clipboard and then paste it
into another application using the Edit | Copy Figure
menu item. For options, use Edit | Copying Options
menu item.




Exercise: How did we use different data markers below?
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Example2: plot sine wave , where 0 <=x<=2I1, spacing I1,/100
Where, x-axis represt X, y-axis represent Y, and title of figure
(Sine Wave)?

One Data Set; plot

x = 0:2%pi/100:2%pi;
yl = sin(x);

plot (x,y1); N A\ ~
xlabel ('x'); VA
ylabel('y'); o/
title('Example'); =/ |

plot (y1): Plots values +|

of y1 versus their indices
if y1 is a vector. O a— ;\‘" 5/ ;




Example 2: plot three wave(Sine, Cos, Sine+Cos), by using plot
command first the by using hold on, hold off

Where 0 <=x<=2I1, spacing I1,/100,

Where, x-axis represt X, y-axis represent Y, Add legend to the
figure,

Add title the figure named(and title of figure (Sine
&Cos&Sine+cos)?

Solution by using plot command:

Or better use one plot command

x = 0:2*%pi/100:2*pi;

yl = Sin (X) ; 15 i vExample
y2 = cos(x); 1
y3 = sin(x)+cos(x);

plot(x,vl,x,v2,x,v¥3);
xlabel('x"');
ylabel('y"');

title ('Example');

% Notice the auto coloring BT R
% by MATLAB
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2. by using hold on , hold, off

yl = sin(x);

y2 = cos(x);

y3 = sin(x)+cos(x);
plot(x,vyl);

hold on;
plot(x,vy2);
plot(x,vy3);
xlabel('x"');

ylabel('y"');
title ('Example');

hold off;

Copyright © Dr. Mohammed Hawa

Multiple Data Sets: plot, hold

x = 0:2*pi/100:2*%pi;

Example
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Colors, Data Markers & Line Types

* You can also specify your own line styles in the plot
command.

* For full details enter help plot in MATLAB.

b blue . point - solid

g green o] circle : dotted
r red X X-mark -. dashdot
c cyan - plus - dashed
m magenta w star (none) no line
Y yellow s square

k black d diamond

W white v triangle (down)

triangle (up)
triangle (left)
triangle (right)
pentagram
hexagram

oo v A
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1
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Homework: plot the following Figure by using plot command?
0.5
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Legends

*  With multiple lines on the same plot it is a good idea to add a legend.

legend('sin', 'cos', 'sin + cos');
legend('sin', 'cos', 'sin+cos', 'Location', "North');

* You can also move the legend with the mouse.
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Application of the Legend command.

Labeling Curves and Data | moved the legend to an empty space using the mouse.

The 1egend command automatically obtains from the

plot the line type used for each data set and displays a ¢

sample of this line type in the legend box next to the s

string you selected. The following Script file produced

the plot n the next side. d | :
— sinhfx) /

x = 0:0.01:2; a5l Ll

y = sinh(x); //

2 = tanh(x); b /

plot(x,y,%,2,'=="); 5l y /

legend("sinh(x)', 'tanh(x)');

gtext ('text’):Placesastringin the Figure | . *

window at a point specified by the mouse. 2 2

text (x,y, 'text!): Places astring i the Figure pd

window at a point specfied by coordnates x, LR EEEE
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The grid and axis Commands

MATLAB will automatically determing the maximum and
minimum values for the aves, You can use the ax s

command to override the MATLAB selections for the axis

[mits The syntaxis axds ([xmin xmax ynin ymax]),

This command sets the scaling for the x-and y-axes to the
minimum and maximum values indicated.

The g1l command displays gridines atthe tick marks
corresponing to the tiek abels. Type grid ontoadd
gridines; tyoe gr1d o to stop plotting grdines. When
st by itslf, g3 toggles this eature on or off, but you
might wantto use grid onandgrid off tobe sure

13

axis([0°9 -2 2]);
axis([0 6 -2 2]);

ax1s and grid commands

qrid on;

grid off;

,,,,,,,,,,




Example: plot the figure by using ployval command?

Plotting Polynomials with the polyval Function.

To plot the polynomial 3x° + 2x* — 100x3 + 2x% — 7x + 90 over the

range —6 < x < 6 with a spacing of 0.01, you type

>>
>>
>>
>>
>>

X = —-6:0.01:6;

p = [3,2,-100,2,-7,90];
plot (x,polyval (p,x)); =

xlabel('x");
ylabel('p'");

4000t /
/

3000} /

a 1000

-1000

-2000

2000/

-3000
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Example: plot the following figure

More Than One Figure Window

+ What happens i you enter the following?
x = (:2%p1/100:2%p1;

yl = sin(x);

y2 = cos(x);

plot (%, y1);

title('Plot 41');

plot(x,2);

title('Plot #2');

15

Plot #1

.........
00000000
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MULTIPLE FIGURE WINDOWS

= ]t is possible to open additional Figure Windows and have several of them open
(with plots) at the same time. This is done by typing the command figure.
* Every time the command figure is entered, MATLAB opens a new Figure Window.

For example, after the following three commands are entered, two Figure Windows that

are shown in Figure are displayed.

>> fplot('x*cos(x)',[0,10]) ( Plot displayed in Figure 1 Window. |
>> figure | Figure 2 Window opens. |
>> fplot('exp(-0.2*x)*cos(x) ', [0,10]) | Plot displayed in Figure 2 Window.

Figure 1 ’T\Ei?‘ Figure 2 |'._H’ﬁ|‘)_(‘

file Edt VYiew [Insert Jooks Desktop Window Help » File Edt View Insert Tooks Desktop Window Hep
DeEé h aeaMy ¢ 08| " NesEdé Kk aaMHe ¢ 08
10 1
5 //"\ J 08 1
/ TTIN
0"—'-\\_/’/,/ 1 0 \\ /// \_:
5 | 05 L ]
40 . R " o 4 " F 3 ;
o2 § 8 10 o2 4 6 @8 10
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The fplot command is a “smart” plotting function. Example:

f = @(x) (cos(tan(x)) - tan(sin(x)));
fplot (£, [1 2]);
05 . ‘ . . ‘ .
I
[ (.
1 L |
f | |
‘/ ‘I ‘l ll [
15} [ | | '
i'/ || r M |
/ |
/’ | | ‘lll \
2 AL
IR 1
|| \_/
25| L
-31 1.I1 1i2 113 114 1j5 1f6 1i7 1.18 1i9

Exapmle : plot the following function by using fplot command:

.r -

Can be created with the fplot command by typing:

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

x2+4sin(2x)—-1 for -3<x<3

10
The figure that is obtained in the

Figure Window is shown in Figure
5%

N

|
N

.




Example: plot the real and imagionary numbers:

Complex Plot: Real vs. Imaginary

n [0:0.01:10];

y (0.1+40.97) .%n;
plot(y);

xlabel ('Real');
ylabel ('Imaginary');

Imaginary

-0.21

-0.41

e Similar to:

-0.6

-0.8
-1

plot(real(y),imag(y));

18
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subplots

* subplot(m,n,p)

<
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Example: by using subplot, plot (sin(x), cos(x), Sin+cos), as show
below:

Example

x = 0:2*pi/100:2*pi;

1 sin(x) ; cos(x)

yl = sin(x); |
y2 = cos(X); oo >
y3 = sin(x)+cos(x); ° \ °
subplot (2,2,1); 05 | 09
plot (x,yl, 'r—."); "o 2 4 6 & o 2 4
title('sin(x)"); , sin(x)+cos(x)
subplot(2,2,2); " #

' . 3

plot(x,y2, 'go

$ \
title('cos(x)"'); i %%wfgg
- ;

subplot (2,2,3);
plot (x,y3, 'b+');

title('sin(x)+cos(x)");

20




Homework:

The following script file shows two plots of the functions
y=e12sin(10x+5) for 0 < x <5

and y=|x3- 100| for-6 < x <.

x = 0:0.01:5;
y = exp(-1.2*x) . *sin(10*x+5);
subplot(1,2,1);
plot (x,v);
axis([0 5 -1 1]);
x = -6:0.01:6;
= abs(x."3-100);

subplot(1,2,2);
plot (x,y); iqure i

. The figure is shown
ax1s([-6 6 0 350]) on the next slide.

21

Application of the subplot command.

f— — 30
08
w%
0 |
0 _ %@\
| “P\ H
02 ] |
Iy 0
I 1
0 | ‘ | “ ‘l\ f" \Vﬁ\/vﬂ
By t‘ / \
I 500
22 | ] \
| \
U | ™ }
' |
f
i \
50} -
08 \ ’,
_1 L I ! ‘lﬂ"’w
001 2 3 4 5 5 0 5



Log-scale Plots

* Why use log scales? Linear scales cannot properly
display wide variations in data values.

* MATLAB has three commands. The appropriate
conl1mand depends on which axis you want to be a log
scale.

* loglog(x,y):both scales logarithmic.

* semilogx(x,y):x-axis is logarithmic and y-axis is
rectilinear.

* semilogy(x,y):y-axis is logarithmic and x-axis is
rectilinear.

* The syntax is similar to the plot command.

100(1 = 0.01x%)* + 0.02x>
V= — . 0.1 < x =< 100
(1 — x°) +0.1x

X = |0.1:0.01:100];

y = sqgrt ((100*(1-0.01*x.72) .72
+0.02*x.72)

/o ((1-x.72) .72+0.1*%x.72)) ;
plot(x,y); -

30

25

20

15
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While when using Log command you can see scales in values

x = [0.1:0.01:100];

y = sqgrt ((100*(1-0.01*x.72).%2 ...
+0.02*x."2)
Jo((1-x.72).2+40.1*%%.12) ) ;

loglog(x,y);

/\\
101 F — 'd// \\
10° \
i \
10" \\
3 \ JEEE
\ //’
1
, /
Y
2 . 5 ‘ ‘
1 0. A2 1 0 4 LI
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Homework: plot the following function:

-‘.' ==

(— 0.
2

2x -+

1. Linear plot
2. Semlogx
3. Semiology
4. Loglog

5. Using subplot to show four Figure

'Y for 0.1 < x < 60

x=linspace (0.1,60,1000) ;
y=2.%(-0.2*x+10) ;
plot(x,y)

600} | 4
—_
aof \
200
% T R
x=linspace (0.1,60,1000) ;
y=2.7(-0.2*x+10) ;
1200 semilogx(x,y)
1000 P
800 h 2
-
600
400
200 Log
% 10° 10" - 10°
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by using

x=linspace (0.1,60,1000) ;
y=2.7(-0.2*x+10) ;
e semilogy (le)
1
0 10 2 3 40 & 60
x=linspace (0.1,60,1000) ;
y=2.7(-0.2*x+10) ;
loglog(x,y)
T i
1
1 \ 1
Log 1
10" 10° ﬁ' 10



PLOTS WITH SPECIAL GRAPHICS

e MATLAB has many options for creating a wide variety of plots. These include bar,
stairs, stem, pie plots and many more.

J A complete list of the plotting functions that MATLAB has and information on how to
use them can be found in the Help Window.

e Bar (vertical and horizontal), stairs, and stem plots are presented as follows:

Vertical Bar w yr=[1988:1994] ;
Plot sle=[8 12 20 22 18 24 27]:
7 bar (yr,sle, 'r') ghc
Function 5 . . bars are
H xlabel ('Year') in red.
format: % "
£ ylabel ('Sales (Mil-
w -
lions) ')
bar (x,v)
1968 1568 1990 199 19692 1993 1964
Year
Horizontal Bar yr=[1988:1994] ;
Plot sle=[8 12 20 22 18 24 27];
) = barh (yr,sle)
Function 5 xlabel ('Sales (Millions)')
format: =
8 ylabel ('Year')
w
barh (x,Vy)
Stairs Plot 20 yr=[1988:1994] ;
. sle=[8 12 20 22 18 24 27];
Function _ stairs (yr,sle)
format: S —1_\_
stairs(x,y) | &
Toes 1989 1960 1991 1962 1983 1984
Year
Stem Plot - yr=[1988:1994] ;
25 T sle=[8 12 20 22 18 24 27]:;
- Q
Function _ ¢ stem(yr,sle)
Format s
stem(x, y) @ f
T 1989 930 Y‘::r a2 e 1964




Grade A B 3 D E
Number of Students 11 18 26 9 5
Pig P]Qt grd=[11 18 26 9 5];
_ pie(grd)
Function title('Class Grades')
format:
. MATLAB draws the
pie (x) sections in different col-

ors. The letters (grades)
were added using the
Plot Editor.
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bar(x,sin(x)) ;

x = [0:pi/20:pi];

0.9}
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2.5

3.5

theta = [0:pi/90:2*pi];

polar (theta
grid;

14

sin(2*theta)) ;

180
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x = [0:p1/20:2*%pi];
stairs(x,sin(x));
grid;

axis ([0 2*pi -1 11);
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X = [-2*pi:pi/20:2*pi];

X = X + (~x)*eps;

y = sin(pi*x) ./ (pi*x);
stem(x,vy);

axis([-2*pi 2*pi -.25 11]);

0.8l o 1] 0]

0.6

0.4}

02l Q @ |
o} TR, ?ﬂTOO ? ? J)W)% Oﬂgﬁ@, o

T ﬂﬁ ﬁf 4w

0.2} ¥ . 4
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x = [-2*pi:pi/20:4*pi];
£ill(x,sin(x),'c');
axis ([0 4*pi -1 11);

1

0.8

0.6

0.4}

0.2

0

-0.2

-0.41

0.6

-0.81
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Examples

1) Generate an overlay plot for plotting three lines

Y, =sint

\2=’
A
N T TRT

Where t= 0 <t < 2m, step 0.06. Using

a. the plot command
b. the hold command

c. the line command

Solution:

o)

% a. using plot command
t=0:0.06:2*pi;

yl=sin (t);

y2=t;
y3=t-(t.”3)/6+(t.”5)/120-(t.”7)/5040;

plot (t,yl,t,y2,'-',t,y3,'0")

axis ([0 5 -1 5])
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xlabel ('t")

ylabel ('sin(t) approximation')
title('sin(t) function')

grid

text (3.5,0,"sin(t) ")

gtext ('Linear approximation')

gtext ('4-term approximation')

The output is shown in Figure below:

sin(t) function

3k Linear approximation

sin(t) approximation
N

0 N sin(t) i

“ON4-term approximation
R
-1 1 1 1 1 1 1 1 ) 1

0 0.5 1 1.5 2 25 3 3.5 4 4.5 5

32



% c. using the line command
t=0:0.06:2%pi;

yl=sin(t);

y2=t;
y3=t-(t.”3)/6+(t.”5)/120-(t.”~7)/5040;
plot(t,yl)

line(t,y2, 'linestyle','-")
line(t,y3, 'marker','o"')

axis ([0 5 -1 51)

xlabel ('t")

ylabel ('sin(t) approximation')
title('sin(t) function')

legend('sin(t) ', 'linear approx','7th order approx')

sin(t) function
5 T T r
— sin(t)
— linear approx
41 -©- T7th order approx
=
g 3}
©
E
x
o
g 2f
©
£
(2]
1+
0
_1 ' L 1 L 1 L ' 1
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2) Use the functions for plotting x-y data for plotting the following functions:

@) f(1) =tcos(t) 0<t<10m
(i) x=¢€
y =100+ ¢ 0<t<2m step0.06
Solution:

40 T T T
®

fplot ('x*cos(x) ', [0 10*pi])

(i)

t=0:0.06:2*pi;
x=exp (t) ;
y=100+exp (3*t) ;

loglog (x, vy)

grid
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—0.6x

3) Generate a plot of y(x) = e cos wx, where @ = 10 rad/s, and 0 < x < 15. Use the

colon notation to generate the x vector in increments of 0.05.

Solution:

x=[0:0.1:157];

w=10;

y=exp (-0.6*x) .*cos (W*x) ;

plot (x,y)
title('y(x)=e”-"0"."6"xcos\omegax")
plot (x,y)
title('y(x)=e”-"0"."6"xcos\omegax")
xlabel('x")

ylabel('y"'")

The output plot is as following:

v(x)=e""" cosmx

1 T T
0.8 T
0.6 )
0.4 7
0.2 1

-0.2 .

-0.4 -

-0.6 E

-0.8 .

-1
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