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Vector Lengths

*Baslangicta vurgulanmasi gereken cok onemli bir gercek, bir
vektoru digerine karsi cizmek icin vektorlerin ayni sayida
ogevye sahip olmasi gerektigidir. Ayni sayida degere sahip
olmalari kosuluyla, bir situn vektoru veya bir satir vektoriune
karsi bir sutun vektoru veya bir satir vektoru cizilebilir.

o|ki boyutlu cizim komutlarinda, yatay eksene x ekseni ve
dikey eksene y ekseni olarak atifta bulunulacaktir. Bununla
birlikte, gercek degiskenler herhangi bir nicelikle
etiketlenebilir. Yalnizca cizim komutlarinda x ve y kullantlir.



Command for Linear Array

*>> X = x1:xstep:x2

*where x1=beginning point, x2=final point, and
xstep=step size. Assuming that the final point coincides
with an integer multiple of xstep, the number of points N

1S

N =227 1
X
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Alternate Command for Linear Array

*>> x = linspace(x1, x2, N)

*where x1=beginning point, x2=final point, and
N=number of points. The name linspace represents
“linear spacing”. Again, the number of points N is

N =225 41
Xstep




Plot komutu ile grafik cizme

Plot komutunun genel kullanimi

Xlabel komutu ile x-ekseninin adlandirilmasi

vlabel komutu ile ekseninin adlandirilmasi

title komutu ile grafige isim verilmesi

renk, sekil, kalinlik gibi grafiklerin 6zelliklerinin degistirilmesi
holdon komutu ile tek bir pencerede birden fazla grafik
cizdirilmesi

Grid komutu ile yatay ve dikey bolimlendirme

Axis komutu ile eksen dlceklendirme



plot Komutu ile Grafik Cizimi

genel kullanimi

J ki boyutlu grafik ciziminde kullanihr.
< plot(x, y)
% v eksenine ait vektorel ifade
x eksenine ait vektorel ifade
J

¢1ziniz? Not: @ = 1

@ Komut penceresi

% 0.01 artislar ile 0 — 10 sn zaman diliminin tanimlanmasi
>> t 0.01 10;

% Grafigin v eksenini olusturacak u(t) sinvalinin tanmimlanmasi

>> u 2*sin(t) ;

% Grafigin ¢izdirilinesi
>> plot(t,u)

Figure i
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plot Komutu ile Grafik Cizimi

grafiklere ve eksenlere isim verilmesi
|

J  Cizdirilen grafiklerin daha anlamh olmasi icin, grafiklere bashk ve x ile y
eksenine de isim verilmesi gerekir.
» title (" Grafigin bashg: ")
» Xlabel (' x ekseninin etiketi ')
» Yylabel ('y ekseninin etiketi ')
2 Onceki 6rnek cizdirilen grafik iizerinde isim verilmesi:

.' Fipuire 1
Fie Edt Wew [Mserk Toos CesHop Windos  Help L]

Deda b AaafNa € (0H nDO

u[EFE 2 sin (1) singalinin 10 sanivelik dagisimi

ﬂ Komut penceresi

Grafik iizerinde eksen agiklamalarmin yapilmasi
>> xlabel ('Zaman (s) ')

>>» ylabel (' u(t) ')

% Grafige baglik verilmesi

>> title ('u(t)= 2 sin (\omega t)
sinyalinin 10 saniyelik degisimi ')

Zaman [3)




plot Komutu ile Grafik Cizimi
grafik baslik ve eksen isimlerinin boyutlandiriimasi

J Bazi durumlarda eksen ve bashk isimlerinin daha koyu yazdirilmasi
istenebilir. Bu durumda yazinin buyiikliik (font) ayar: degistirilmelidir.

» fontsize (' istenen punto ')

& Figure 1
Fiz Edit “izw [nsett Tools Deskbop SWindow  Help
DEESG k| RRATGE E OB =0

u(t)= 2 sin (= t) sinyalinin 10 saniyelik degisimi

Komut penceresi

% Grafik tizerinde eksen ve baghk aciklamalarinin 14 punto yazilmasi
>> xlabel ('Zaman (s) ', 'fontsize', [14])

>> ylabel (' u(t) ', 'fontsize',6 [14])

>> title ('u(t)= 2 =2in (\omega t) sinyalinin 10
saniyelik degisimi ', 'fontsize', [14])




plot Komutu ile Grafik Cizimi
grafik cizgi-isaret stillerinin degistirilmesi

J  plot komutu ile grafikler diiz cizgi tarzindadr.

J  Farkh tiirde ¢izgi ve isarete sahip grafik cizdirmek icin plot komutu
asagidaki gibi kullanilmahdar.

plot(x,y,’c’)

ﬂ ﬂgf:nmf{e cullanilacak cizgi / renk tanimlamasi
y eksenine ait vektorel ifade
X eksenine ait vektorel ifade

Isaret ¢esitleri

Cizgi cesitleri Nokta . |Ucgen (asag1) v
Diiz cizgi - |1ki noktal : Arfl +_JUcgen (yukar)  ~
Kesikli ¢izgi — |Kesikli-noktali - | Yildiz - Ucgen (sola) =
017 : - -
Daire 0 |Ucgen (saga) >
X-1sareti X |Bes koseli P
Kare s | Al koseli h
Baklava sekli d




Example 1. When air resistance can be
ignored, the velocity (in m/s) of an object
falling from rest is

v = 9.8t

*Use MATLAB to plot the velocity over a time
interval from 0 to 10 s.

10



Example 1. Continuation.

|t should be emphasized that this is a simple linear
equation with a vertical intercept of 0 so we actually
need only two points to plot the curve. However, our
purpose is to learn how to use MATLAB for plotting
and we will utilize far more points than necessary as a
learning process.
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Example 1. Continuation.

*A time step of 0.1 s will be selected.
t=0:0.1:10;
*Alternately,
t = linspace(0,10,101);
*t(1:5)
ans= 0 0.1000 0.2000 0.3000 0.4000

12



Example 1. Continuation.

>>y =9 .8%t;

*This command generates 101 values of v
corresponding to the 101 values of t. It can be
plotted by the command

*>> plot(t, v)

*The result is a “raw” plot but various labels can be
added as will be shown on the next slide.

13






Example 1. Continuation.

* A horizontal label is provided.

e >>xlabel(‘Time, seconds’)

* Avertical label is provided.
>>vylabel(‘Velocity, meters/second’)
« Atitleis provided.

e«  >>title(‘Figure 4-3. Velocity of falling object of
Example 4-1 with grid.)

* Agridis added.
>>grid

15



Yelocty, meters/second
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Figure 4-3. “elocity of falling object of Example 4-1 with grid.
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plot Komutu ile Grafik Cizimi
grafik cizgi-isaret stillerinin degistirilmesi

d  Ornek: plot komutu ile kesik cizgili ve daire isaretlerine sahip grafik

cizimi.

Komut penceresi

% 0.1 arfiglar ile 0 — 10 sn zaman diliminin tammlanmasi
»>> £t =0: 0.1 : 10;

% Grafigin v eksenini olugturacak u(t) sinyalinin tamimlanmasi
>> u = 2*sin(t);

% Grafigin kesik ¢izgili ve daire igaretleri ile ¢izdirilmesi
>> plot(t,u, '-- o')
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plot Komutu ile Grafik Cizimi

grafik cizgi renklerinin degistirilmesi
|

-J Renk tanmmlamalarinda genel Renk cesitleri
olarak, vrenklere ait ingilizce |Kirmiz r |Beyaz W
kelimelerin bas  karakterleri |[Yesil g |Siyah k
kullanilmaktadar. 6rne§in knuzi (Mavi b [Cwan ¢ |
i(;ill red *r” f,}fz;{ﬁnmez 1; — =

- Standart renk tanimlamalarinin
disinda [r ¢ b] bir baska degisle
[kKirmmzi  yesil mavi] seklinde

. Vektorel olarak tammmlanmis bazi renk cesitleri
vektorel tanimlamada yapilabilir.

[111] Bevaz][100] Kunuzi1][110] San

[000] Siyvah J[010] Yesil

[00 1] Mawi

- Vektorel tanimmlamadaki sayisal
degerler 0 ile 1 arasinda olmahdur.
0 rengin olmayacagini, 1
olusturulacak renk icerisindeki
ana rengi gosterir. 0.4 gibi bir
deger ise o renge ait Kkatk
miktarimni gosterir.

[011] Acik mavi




plot Komutu ile Grafik Cizimi
grafik cizgi-isaret ve renk stillerinin degistirilmesi

d  Ornek: plot komutu ile iki noktal cizgili ve kare isaretlerine sahip
kirmizi renkli grafik cizimi.

Fle Edt Wew [Nset Toos Destop window  Help

Komut penceresi DEd&| s Rah9 ¥ 04 80
% 0.1 artiglar ile 0 — 10 sn zaman diliminin tammlanmasi 2
>> £t =0: 0.1 : 10; ol
% Grafigin y eksenini olugturacak u(t) sinyalinin tanimlanmasi 1}
>> u = 2*sin(t) ;
0.5 0
% iki noktali, kare igaretli ve knrmizi renkte grafik o

>> plot(t,u, ': s r ")

A5

S F
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plot Komutu ile Grafik Cizimi

plot komutunun diger 6zellikleri
.|

plot(x,y, LineStyle', '-—',... T i
' A het Ele Edt Yiew lmet Dook Destop Mindow ek .
Color’,'r",... heda ;| a4aMns (|08 =0
'LineWidth',2.... Ut = 5 sin( 20) sinyaiinin 0 - 2x zaman dilimindeki degisimi

'Marker','square’,...
'MarkerEdgeColor','Kk',...
'MarkerFaceColor','g',...
'"MarkerSize',10)

o

PROGRAM 3.3

%% Grafik ciziminde yver alan u(t) sinyalinin tamimlanmas:

t = 0:pi/l8:2%pi;

-~ u = S5*sin(2*t); %y 1 2 3 1 5 5 7

% Grafik ciziminin plot komutu ile gercgeklestirilmesi
- plot(t,u, '-bs', "linewidth', 3, "MarkerEdgeColoxr',"'[1 0O 0]",
"MarkersSize',1l6)

% Grafik iizerinde eksen aciklamalarimm yapilmasi

D o~ D kW N =

- xlabel ('Zaman (s)', 'fontsize',1l4)

=k
=
i

ylabel ("u(t) "', 'fontsize',14)

=i
=
I

title('u(t) = 5 sin( Zt ) sinyalinin 0 - 2Z\pi =zaman dilimindeki ...

-
ha

degisimi', 'fontsize', 14)



Example 4-2. A force in newtons (N) is

given below. Plot the functlon
f,(t) =0. 25t~

. Assume 101-point t vector is in memory.

. >>f1 =0.25*t.*t; or

e >>f1=0.25%t.72:

o  >>plot(t, f1)

e >>xlabel(‘Time, seconds’)

« >>ylabel(‘Force, newtons’)

>>title(‘Figure 4-4. Force as a function of time in Example
4-2.)

>>grid
21
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Figure 4-4. Force as a function of time in Example 4-2.
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Example 4-3. A force in newtons (N) is
given below. Plot the function.
f,(t) = 25+ 0.25t3

Assume 101-point t-vector is in memory.

>> f2 = 2540.25*t.N2;

>> plot(t, f2)

>> Xlabel(*Time, seconds’)

>> ylabel(*Force, newtons’)

>> title("Figure 4-6. Second force as initially obtained in Example 4-3.")
>> grid

23
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Figure 4-5. Second force as initially obtained in Example 4-3.
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Example 4-3. Continuation.

* Plot is modified by the command

e >> axis([0 10 0 50])

25
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Figure 4-b. Second force in Example 4-3 after scale change.
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Multiple Plots on Same Graph

*The two functions f, and f, of the previous two
examples can be plotted on the same graph by the
command

>> plot(t, f1, t, f2)

*The command gtext(‘label’) allows a label to placed
on a graph using crosshairs. The resulting functions
are shown on the next slide.

27
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plot Komutu ile Grafik Cizimi
tek bir figurde birden fazla grafik cizimi

- Tek bir figure icerisinde farkli ozelliklere sahip birden fazla grafik
cizdirilmesi istenirse,

plot(x1,v1,’c1’,x2,y2,°¢c2’, ... , Xn,yn,’cn’)
n’inci grafige ait ¢izgi ve renk ¢esidi

ﬂ n’inci grafige ait vektorel ifadeler
ikinci grafige ait ¢izgi ve renk ¢esidi
ikinci grafige ait vektorel ifadeler
- birinci grafige ait ¢izgi ve renk cesidi
| birinci grafige ait vektorel ifadeler




plot Komutu ile Grafik Cizimi
tek bir figurde birden fazla grafik ¢izimi

|
d Ornek: Asagida belirtilen islemleri bir m.file icerisinde yvapmiz.
» ul(t)= 10sin(ct) ve u2(t)= 7cos(mwt) iki ayri sinyali tammmlaymz. o= 2 rad/sn
» Sinyallerin iki (2) perivotluk degisimlerini tek bir grafik iizerinde karsilastirimz.

/f

PROGRAM
1 % Grafik ¢iziminde kullamilacak ul(t) ve u2(t) sinvallerinin 2*1 've gére tanimlanmas
hfgure2 =1
2 - W= 2 Flo Edt Wow st Took Desidoo Wides  Holp =
3 T — 2%pi/w: DEES(k @aM® ¢ DH|n O
T T eTRUwW u,(t) ve u,(t sinyallerinin 2T zaman dilimindeki degisimi
4 - t = linspace(0,2*T) . . . . .
{11=10 sinim £} [ =7 sinfm )
5 - ul = 10*sin(w*t); i = 105wy | “
6 - u2 = T*cos(w*t); ' '
7 =
8 % Grafik ciziminin tek plot komutu ile gerceklestirilmesi @ -
9 - plot(t,ul,'-b',t,u2, '-.r', 'linewidth’', 3) %-
10
11 % Grafik iizerinde eksen agiklamalarinin vapilmasi |
12 - xlabel ('Zaman (s)', 'fontsize',14)
13 - wylabel('u 1(t) wve u 2(t)','fontsize',14) ‘
14 - title('u 1(t) we u 2(t) sinyallerinin 2T =zaman dilimindeki ...
15 dedisimi', 'fontsize',14)



plot Komutu ile Grafik Cizimi

hold on komutu ile tek bir figurde birden fazla grafik cizimi
I

Onceki 6rnekte elde edilen cizimi sira ile elde ederek tek bir grafikte gosterelim.
1k 6nce ul(t) sinyali cizdirilir.

d

d

O hold on komutu cizdirilmis grafigin figiir penceresinde tutulmasim saglar.
d hold on komutu kullanildiktan sonra cizdirilen grafik avm figiire eklenir.
d

hold on komutunu iptal etmek icin hold off kullanilir.
F

- PROGRAM Lrewez =0 =)
He Edt Wew et Took Dasitop windoe Help -
L o NS | aaMe (08 =0
L 7 ul(t)’e it grafigin ¢izimi u.(Y) ve u_(t) sinyallerinin 2T zaman dilimindeki degigim
2 - plot(t,ul, '-b' 'linewidth', 3) 10 ' ' ' ' '
i |
3 a PR R
Bl : . i
4 % birinci grafigin figiir penceresinde tutulmast al ]
] - hold on S
6 - _
Z
7 % u2(t)’e ait grafigin ¢izimi = Y
g - plot(t,u2,'-.r" 'linewidth', 3) =l
9 8
10 % elde edilen grafik iizerine eksen ¢izgisinin eklenmesi B 'i 2 23. {i] : : 7
aman (s
11 - plot([0 7]1,[0 0]1,'-.k")



Log-Log Plots

y = Cx"
log,, ¥y =109, (ka) =log,, C +klog,, x

y =mx +b

32



Example 4-5. Plot the 2nd degree
function below on a log-log graph.

y =X

>> x = logspace(-1, 1, 100);
>>y =X.N2;
*>> |oglog(x, V)

*A grid and additional labeling were provided and
the curve is shown on the next slide.
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Figure 4-5. Flot of squared function on log-log scale in Example 4-5.
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Bar and Stem Plots

Command for a bar plot:
>> bar (x, y)

Command for a stem plot:

>> stem (X, y)
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Example 4-6. The text contains the sales in

thousands of dollars for a small business
from 1993 through 2002. Construct a bar
graph.

*>> year = 1993:2002;

*>> sales = [ the 10 values in the text];

*>> bar(year, sales)

*The graph with additional labeling is shown on the
next slide.
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Sales in Hundreds of Thousands of Dollars

Figure 4-9. Data of Example 4-b: Business sales from 19593 to 2002,
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Example 4-7. Plot the data of the
previous example using a stem plot.

*Assume that the variables year and sales are still in
memory. The command is

*>> stem (year, sales)

*The plot with additional labeling is shown on the next
slide.
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Sales in Hundreds of Thousands of Dollars
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Figure 4-10. Data of Example 4-b displayed on a sterm plot.
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Chapter 5
Common Functions and their Properties

*The concept of functions is a very basic part of
mathematics and one that appears in all forms of
algebra, trigonometry, and calculus. While there are
hundreds of different types of mathematical functions,
certain common ones tend to occur quite often in
applied engineering and scientific applications. In this
chapter, we will explore some of these most common

functions and study their behavior.
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*Now that basic MATLAB matrix operations and
curve plotting have been covered, much of the work
that follows will provide coverage of the MATLAB
commands immediately after introducing the
mathematical forms. This will be the norm where
the commands are fairly simple and are best
introduced after discussing the mathematical form.
In particular, the need to plot curves of functions
immediately after introducing the functions will be
best achieved with MATLAB commands.
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Functions

*A function is a relationship between two or more
variables. At this point in the text, we will consider
only the variables x and y for a given function. In most
cases, we will consider that x is the independent
variable and y is the dependent variable. This does not
necessarily mean that x causes y in all cases, but it
suggests that we first assign a value of x and then
determine the value or values of y.
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Horizontal and Vertical Axes

*Normally, x is assighed to the horizontal axis and y is
assigned to the vertical axis. The general notation
indicating that y is a function of x will take the form
y=f(x) and letters other than f may be used when
there are several functions. Alternately, subscripts
may be added to different functions to give them
separate identities. Sometimes, we will use the
simpler notation y=y(x) to mean the same thing.
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Single-Valued versus Multi-Valued

*A single-valued function is one in which a single value
of x results in a single value of y. A multi-valued
function is one in which a single value of x results in
more than one value of y. An example of a single-
valued function is shown in Figure 5-1(a), and a multi-
valued function is shown in Figure 5-1(b). Both appear
on the next slide.
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Figure 5-1{a). Example of a single-valued function,

0.1

1 1 1 | 1 1 1
0.2 0.3 0.4 0.5 0. a. 7 0.5

Figure 5-1{b). Example |}:|{f a multi-valued function.
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Continuous versus Discontinuous

The definition of a continuous function is one in which at any value of the
independent variable, approaching the value from the left results in the
same dependent value as approaching the value from the right. An
example of a continuous function is shown in Figure 5-2(a), and a
function that has one finite discontinuity is shown in Figure 5-2(b). Both
appear on the next slide.
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Figure 5-2(a). Example of a continuous function.

1 1 1 1 1 1 1
0.2 0.4 O.E 0.5 1 1.2 1.4 1.6 1.5 2

Figure 5-2(b). Example of a fuantiDn weith a finite discontinuity.
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Domain and Range

*Assume that a function is being evaluated over
specific limits such as from x, to x,. This portion of
the x-axis is called the domain. All values of the
dependent variable y that are produced in the
process are called the range. In casual usage,
engineers and technologists tend to refer to both
as ranges.
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Inverse Functions

|f we have a function y=f(x), and we can reverse
the process and solve for x in terms of y, we have
the inverse function. For the moment, we will
denote the inverse simply as x=g(y). We will retain
the original variable names and then consider y as
the independent variable and x as the dependent

variable.
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Even and Odd Functions

*An even function is one that satisfies

*f-x)=f(x)

*Figures 5-4 and 5-6 are even functions.

*An odd function is one that satisfies

*f-x)=-fx)

*Figures 5-5 and 5-7 are odd functions.
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Example 5-1. Determine if the function
below is single-valued or multi-valued.

y=f(X)=x"—-1

*With x as the independent variable and y as the
dependent variable, there is only one value of y for a
given value of x. Hence the function is single-valued.
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Example 5-2. Is the function of Example 5-1
even, odd, or neither.

f(—X)=(—X)" —1=x"—1= f(X)

Since f(-x)=f(x), the function is even.
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Example 5-3. Determine the inverse of
the function of Example 5-1.

y=x"—-1
X =y+1
x_in+1

*We now consider y as the independent variable and x
as the dependent variable.
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Example 5-4. Is the inverse function of
Example 5-3 single-valued or multi-

valued?
*Since two values of x result from a given value of y,

the inverse function is multi-valued. This tells us that
a function may be single-valued but its inverse may be
multi-valued or vice-versa. In many applications, only
the positive square root would be of interest, so if the
negative square root is rejected, we could interpret
the result as being single-valued.
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Example 5-5. Is the inverse function of
Example 5-3 even, odd, or neither?

g(—y) ==

°The inverse function is neither even nor odd.
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MATLAB Subplot

*The subplot allows more than one plot to be
prepared on the same printer page. In fact, Figures 5-1
and 5-2 were both prepared using that command.The
syntax for the subplot command is as follows:

*>> subplot(m, n, k)

*Integers m and n define the number of rows and
columns of subplots. The integer k defines the
particular one based on left to right and top to
bottom.
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Example 5-6. Plot the function of Example
5-1 and the inverse of Example 5-3 using
* subplotpace(-2, 2, 201);

¢ >>vy=x."2-1;

* >>subplot(2, 1, 1)

o >> plot(x, y)

* Additional labeling commands were used.
e >>subplot(2, 1, 2)

o >>plot(y, x)

* Additional labeling commands were used.
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Figure 5-3(a). Curve of Examples 5-1 through 5-5 with v versus x.

1
-1.5 -1 -0.5 i 0.5 1 1.5
Figure 5-3(b). Curve of E}{ample%{ 5-1 through 5-5 with ® versus y.
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Power and Polynomial Functions

Yo = X'
Y, =X =1
Yy, = X = X
YZ_XZ
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Straight-Line Equation

YV =mX+Db
m — Yo — W1
Xo =X

*The quantity m is the slope of the line and b is the vertical
intercept. For m>0, the slope is upward and for m<0, the
slope is downward. The line crosses the vertical axis at a

value b.
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Example 5-7. Write the equation and plot
the line having a slope of 2 and a vertical
intercept of -4.

y =2X—4

*This case is about as simple as any can be since we
are given the two parameters required in the
slope/vertical intercept form. The straight-line is
shown on the next slide.
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Example 5-8. Write the equation and plot
the line passing through the points (3, 5)
and (6, -7).

" — Y, — VY, :—7—5:—12:_4
X, — X, 6—3 3

Y=-—A4X+Db 5=-4@)+borb=17

y =—4X+17
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Polynomial Functions

*A polynomial function is one composed of a sum of
power terms of the form of x" with integer values of
n and constant factors. A typical polynomial function
of degree N can be expressed in the following form:

P (X)
AyXD + A X T+ AX+ A,
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Roots of a Polynomial Function

*A root of a polynomial equation is a value of x such
that the polynomial is zero when it is evaluated for
that particular value of x. This means that for any
root x, of the polynomial p(x) on the previous slide,
the following equation is satisfied:

p(Xk) =0
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Theorem on Roots

*A polynomial of degree N has exactly N roots. These
roots may be classified as

1. Real roots of first order

2. Complex roots of first order

3. Real roots of multiple order

4. Complex roots of multiple order

*In this classification scheme, purely imaginary roots
may be considered as a special case of complex roots.
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Complex Roots

*For real polynomial coefficients, any complex roots
appear in conjugate pairs. Thus, if a+ib is a root, a-
ib will also be a root. The value a-ib is the complex
conjugate of a+ib. The quantity i is the basis for the
complex number system and is given by

i = V-1
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Factored Form of a Polynomial

y = p(X)
= Ay (X=X )(X—=X5)....(X = Xy )
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MATLAB Evaluation of Polynomial
y = A X" + A X T4+ AX+ A,

eAssume that the vector x has been entered. To illustrate for
the third degree case, one way to evaluate is shown below.

o>>y = A3*X."3 + A2*x."2 + A1*x + AO

*An easier way will be shown on the next slide.

74



Easier MATLAB Procedure for Polynomial

| Evaluation
*Define a row vector C as follows:

*>>C=[A3 A2 Al AQ]J;

*The polynomial will be evaluated at all values of x by
the command

*>>y = polyval(C, x)
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Factoring of Polynomials

*Define a row vector C as follows:
>>(C=[A3 A2 A1 AO];

*The roots will be determined by the command
*>> R =roots(C)

°The vector R as is a column vector whose values
are the roots of the polynomial.
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Forming the Polynomial from the Roots

*Assume that the roots of a polynomial are formed as
either a row or a column vector and denoted as R. The
coefficient matrix C of the polynomial is determined by

*>> C = poly(R)

|f the coefficient of the highest degree term is other
than one, it is necessary to modify C as follows:

>> C=AN*C
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Multiplication of Polynomials

*Two polynomials can be multiplied together by the use of the conv
command. The term conv is a contraction of the term convolution
which has applications in signal processing and in both differential
and difference equations. To illustrate, assume two 2nd degree
polynomials.

P, (X) = AX" + AX+ A
P, (X) = B,x* + B,Xx+ B,

P, (X) = P,(X) P, (X)
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Multiplication of Polynomials Continuation

Form row vectors for the coefficients.
>>(C1=[A2 A1 AO];
>> (C2 =[B2 B1 BO];

*The coefficient matrix of the product polynomial is
obtained by the command that follows.

*C3 = conv(C1, C2)
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Example 5-9. Use MATLAB to determine the
roots of

y =3%x° +12Xx+ 39

>>(C=[31239];
*>> R = roots(C)
OR —

e -2.0000 + 3.0000i
* -2.0000 - 3.0000i
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Example 5-10. Reconstruct the
coefficients of the polynomial from the
roots of the preceding example.

*>> C1 = 3*poly(R)

oC1 =

3 12 39

*We could use the polyval command to evaluate
the polynomial if desired.

81



Example 5-11. Determine the roots of

the 5th degree polynomial below.
y = Xx° +3.2361x* +5.2361x> + 5.2361x> + 3.2361x +1

*>>(C=[13.23615.2361 5.2361 3.2361 1];

>> R = roots(C)

R =
-0.3090 + 0.9511i
-0.3090 - 0.95111i
-1.0000
-0.8090 + 0.5877i
-0.8090 - 0.58771
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Example 5-12. Reconstruct the
polynomial of Example 5-11 from the

AEQRRS-that the 5 roots are still in memory as a
vector.

*>> C1 = poly(R)
Cl =

' 1.0000 3.2361 5.2361 5.2361 3.2361
1.0000
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Example 5-13. Evaluate the 5th degree
polynomial for x=0, 0.5, 1, and 2.

*Assume that Cis still in memory.
>>x=[00.512];

*>>y = polyval(C, x)

oy:
* 1.0000 4.8151 18.9444 154.0830
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Exponential Function to the Base e
y=e’

*The basic exponential function arises in a large
number of scientific and engineering problems.
The "purest" form of the exponential is as a power
of the mathematical constant e=2.718 to four
significant digits. The form of the function for both
positive and negative x is shown on the next slide.
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Decaying Exponential Function

*The most common form of the exponential function in practical
engineering problems is the decaying or damped exponential function.
Many applications involve time as the independent variable and the
forms are shown below and on the next slide.

—t/

y ==¢€
y:e—at
o =1/t
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Level of Function

Figure 5-11. Decaying exponential function and line to one time constant.

|
2 2.5 3
Mumber of Time Constants

4.5
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MATLAB Exponential Forms

*Assume that a vector x is in memory. MATLAB uses
exp for e and the command to generate vy is

*>>y = exp(x)

*|f a base other than e is desired, the exponentiation
operation is used. For example, if the base is 10, the
command is

*>>y =10.7Ax
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Example 5-14. Consider the exponential
function shown below.
y __ e—t/0.0l __ e—lOOt

*Determine (a) the time constant and (b) the
damping constant. (c). Based on the rule-of-thumb
provided in the text, about how long would it take
to reach a practical level of zero?
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Example 5-14. Continuation.

z=0.01s=10 ms

== —_= _100s™

s 0.01
T =57=5x%<x10 ms =50 ms
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Example 5-15. A force f begins with 20 N and
decays exponentially with a time constant of
5 s. Write the equation.

f =20e™"° =20e™°~
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Example 5-16. Generate the two curves
of Figure 5-11 and plot them.

*One is the exponential function and the other is the
straight-lineyl =1 - x.

>> x = |inspace(0, 5, 501);

>>y = exp(-x);

>> x1 = linspace(0, 1, 11);

>>vyl =1-x1;

>> plot(x, y, x1, y1)

*Other routine labeling was provided on Figure 5-11.
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Logarithmic Function

*The logarithmic function is the inverse of the
exponential function. However, because it arises in

many applications, it will be represented in the usual
form with x as the independent variable and y as the
dependent variable. The mathematical form is
provided below and a curve is shown on the next slide.

Yy =1InX
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Logarithms to Other Bases

*In general, the logarithm to a base a other than e is determined by the first
equation below. The base 2 and the base 10 are also considered.

In X
109 X = In a
In X
log, X = o =1.44271In X
n
log, x =X __INX 5434310 x

InN10 2.3026
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MATLAB Logarithmic Commands

*The logarithm to the base e in MATLAB is
>> v = |log(x)

*This could be confusing since some math books use
log(x) to mean to the base 10.

*The logarithm to the base 10 in MATLAB is
>> vy = |og10(x)
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Example 5-17. Some definitions are provided
below.
F)

G = S absolute power ratio

ref

G, =10log,, G

*Use MATLAB to develop a conversion curve in
which G varies from 0.01 to 100. Use a semi-log
plot with G on the horizontal logarithmic scale and
G, on the vertical linear scale.
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Example 5-17. Continuation.

*The command to generate G on a logarithmic scale from 0.01
to 100 is

>> G = logspace(-2, 2, 200);
*The decibel gain is generated by
>> GdB = 10*log10(G);

*A logarithmic x scale and a linear y scale are generated by the
command

*>> semilogx(G, GdB)

*A grid and additional labeling are provided and the curve is
shown on the next slide.
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Decibel power ratio versus absolute power ratio.

Figure 5-13.

OIEY Jamod [3g12a(]

10°

10"
Ahsolute Power Ratio
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Example 5-18. Plot the absolute gain
versus the decibel gain from Example 5-

17.

*We could solve for G in terms of GdB, but that is
unnecessary since we have both G and GdB in
memory. We simply reverse the order of the variables
and change semilogx to semilogy. The command is

*>> semilogy(GdB, G)

*The plot with additional labeling is shown on the next
slide.
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Example 5-19. Use MATLAB to plot the
gaussian function shown below over the
domain from -3 to3.

>>a =1/(sqrt(2*pi));

*>> x = linspace(-3,3,301);
>>vy = a*exp(-0.5*x.12);
>> plot(x, y)

*With additional labeling, the curve is shown on the next
slide.
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Function with Zero Mean and Unit Standard Deyviation

Figure 5-15. Flot of Example 5-19 with gaussian probability density function.
I:I"q' 1 1 1 1
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Trigonometric Functions

*There are six basic trigonometric functions: (1) sine, (2)
cosine, (3) tangent, (4) cotangent, (5) secant, and (6)
cosecant. However, the first three tend to occur more
often in practical applications than the latter three.
Moreover, the latter three can be expressed as
reciprocals of the first three (not in the order listed).
Therefore, we will focus on the first three, but the
definitions of the latter three will be provided for
reference purposes.
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Angle Measurement

*The most basic mathematical unit for an angle is the radian (rad). It
does have a mathematical basis for its form and does arise as a
natural process. One complete revolution for a circle corresponds to
27 radians. To convert between radians and degrees, the following
formulas can be used:

Angle (degrees) = 180 < Angle (radians)
7C
Angle (radians) = dd x Angle (degrees)

180
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Figure 5-16. Right-triangle used to define
trigonometric functions.
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Trigonometric Definitions

. N I 1
SIN X = — CSCX = — = —
1 N sSIn X
b I 1
COS X = — SeC X = — =
I b CcoOsX
1
tanx:h COthE:
b h tan X
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Sine Function

*The form of the sine function over the domain from O
to 271 is shown on the next slide.The function is
periodic, meaning that it repeats the pattern shown
for both positive and negative x. The domain shown
constitutes one cycle of the periodic function and the
period on an angular basis is 2w radians.

°The sine function is an odd function.
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Cosine Function

*The form of the cosine function over the domain
from O to 2m is shown on the next slide. As in the case
of the sine function, the cosine function is periodic
with a period of 21 radians on an angular basis.

°The cosine function is an even function.

111



112



Tangent Function

*The form of the tangent function over the domain
from O to 2w is shown on the next slide.This function is
periodic, but there are two cycles shown in the given
domain. Hence, the tangent function is periodic with a
period of i radians on an angular basis.

*The tangent function is an odd function. Moreover, it
has infinite discontinuities at odd integer multiples of

n/2.
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MATLAB Trigonometric Functions
The 6 MATLAB commands are
>> y = sin(x)
>> v = cos(x)
>> v = tan(x)
>> v = cot(x)
>> v = sec(x)
>>y = cSc(Xx)
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Sinusoidal Time Functions
Y. = Bsin ot
Y. = ACOS wt

y. = sine function and y_ = cosine function
B or A= amplitude or peak value of function
w = angular frequency or angular velocity
of function In radians/second (rad/s)
t = time 1IN seconds (S)
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Period and Frequency

*For either the sine or cosine, the quantity o is the number of radians
per second that the function undergoes in the argument. This
quantity is called the angular velocity in mechanics and is called the
angular frequency in electricity. It is related to the cyclic frequency by
the relationship

w =2t
T =1/ f
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Combining Sine and Cosine Functions at

the Same Frequency
Yy = Bsin wt + AcCos wt

= C sin(wt + @) = C cos(wt + @)
C =JA? + B2

*The sum of a sine and a cosine function at the same frequency may
be expressed as either a sine or a cosine function with an angle. The
angle may be determined from the phase diagram on the next slide.
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+ COS

—SIn + SIN

— COS
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Example 5-20. Use MATLAB to plot the

function below over two cycles.
y = 20sin(wt + 30°)

= 20sin(wt + 7z / 6)
ot = 27t = 277X
T

x = linspace(0, 2, 201);
y = 20*sin(2*pi*x+pi/6);
plot(x, y)

The plot is shown on the next slide.
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