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Model Kavrami

— Model, “gercek sistemlerin temsili” olarak tanimlanabilir.

— Bu tanimda, “gercek” ifadesi hem su anda mevcut sistemleri hem de
gelecekteki calismasi olasi sistemler icin kullantlir.

— Model gelistirmenin amaci: sistemin performansini analiz etmek, riskleri
ve sapmalari 6nceden belirlemek, gelecekte kullanilacak sistemin ideal
yapisinlt tanimlamak ve hassasiyet gosterecek giris degerlerini saptamaktir.

— Modelden elde edilecek ciktilarin karar vermede olasi degisimleri ve
sonuclari ile etkilerini de gostermesini sagladigindan karar vericiye
kararinda yardimci olur.

— Modeller, 6zellikle geri bildirim ve dogrusal olmayan slrecler analiz
edildiginde, mekanizmanin anlasilmasini gliclendirmeye hizmet eder.
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Fiziksel Veri Modeli

Fiziksel modelleme, Uretilecek bir fiziksel sistemin bicimini, fiziksel sinyal kaynaklarini, fiziksel

sistemin girisini ve sistemin kendisini ve ¢ikisini simile etmek icin bir matematiksel model, bir
dizi denklem ve algoritma kullanilarak hesaplandigi yontemleri ifade eder.

°
Problem formulation
Mathematical
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Physical Conceptual
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Mathematical
solution of
mathematical
problem

Solution translation

Control systems give desired output by controlling the input.

Therefore control systems and mathematical modeling are
inter-linked.

Mathematical models of control systems are ordinary

differential equations

To deal with linear o.d.e, Laplace Transform is an efficient
approach.




Matematiksel Modeller

Bir matematiksel model hicbir zaman fiziksel bir durumun tam olarak dogru bir temsili degildir
- bir ideallestirmedir.

— lyi bir model, gercekligi matematiksel hesaplamalara izin verecek kadar basitlestirmeli ve
degerli sonuclar elde edilecek kadar dogru olmalidir.

— Modelin sinirlamalarinin, risklerinin ve sapmalarinin farkina varilmasi da dnemlidir.
— En sonunda, doga kanunlarinin da son s6zu vardir, unutulmamal..

Gercek diinyada gozlemlenen iliskileri matematiksel modellemek icin kullanilabilecek bircok
farkli islev tara vardir.

Matematiksel model cesitleri:
— Analitik Cozimler
— Simulasyon: Gergek sistemin benzerinin matematiksel modellerler gerceklenmesi
— Optimizasyon: En iyileme



Mantiksal Veri Modeli

 Mantiksal veri modeli sayesinde is analistleri ve veri mimarlari, operasyonel veya islemsel stirecleri bir
varlik iliski diyagraminda goérsellestirebilir.

 Mantiksal veri modelleri, veri nesnelerinin is paydaslarinin anladigi sekilde nasil calistigini ve islem
yaptigini tanimlar. Bu nedenle, daha sonra dagitilacaklari gercek veri tabanindan bagimsiz olarak

tasarlanirlar.



Fiziksel Sistemlerin Matematiksel Modelleri

Otomasyon ve otonom sistemlerinin analizi ve tasarimi icin, sistemlerin matematiksel
bir taniminin formtule edilmesi gerekir.

Sistemlerin istenen matematiksel taniminin elde edilme suireci “modelleme” olarak
bilinir.
Dinamik fiziksel sistemlerin temel modelleri, uygun doga yasalarinin uygulanmasiyla

elde edilen diferansiyel denklemlerdir. Bu denklemler, modellenen fenomene bagl
olarak dogrusal veya dogrusal olmayabilir.

Diferansiyel denklemler, analiz ve tasarim manipulasyonlariicin elverissizdir ve bu
nedenle diferansiyel denklemleri cebirsel denklemlere dénlstiren Laplace
Donusimu’'nden yararlanilir.

Cebirsel denklemler transfer fonksiyonu formuna konulabilir ve sistem bir transfer
fonksiyonu blok diyagrami olarak grafiksel olarak modellenebilir. Alternatif olarak, bir
sinyal akis grafigi kullanilabilir.



Fiziksel Sistemlerin Matematiksel Modelleri

Matemetiksel modeller mekanik, elektrik, hidrolik, pndmatik ve termal sistemler gibi farkl fiziksel
sistemlerin diferansiyel denklemleri, transfer fonksiyonlari, blok diyagramlari, sinyal akis grafikleri vb. ile
ilgilidir. Dinamik bir sistemin analizi, performansini tahmin etme yetenegini gerektirir. Bu yetenek ve
sonuclarin kesinligi, her bir bilesenin 6zelliklerinin matematiksel olarak ne kadar iyi ifade edilebildigine
baghdir.

Kontrol sistemlerinin analizi ve tasariminda en 6nemli gérevlerden biri sistemlerin matematiksel olarak
modellenmesidir. En yaygin iki yontem transfer fonksiyonu yaklasimi ve durum denklemi yaklasimidir.
Transfer fonksiyonu yontemi sadece dogrusal zamanla degismeyen sistemler icin gecerlidir, oysa durum
denklemleri transfer fonksiyonlarini ve dogrusal durum denklemlerini kullanmak icin ilk siradadir,
sistemin once dogrusallastirilmasi veya calisma araliginin dogrusal bir aralikla sinirlandirilmasi gerekir.

Lineer kontrol sistemlerinin analizi ve tasarimi iyi gelistirilmis olmasina ragmen, lineer olmayan sistemler
icin benzerleri genellikle olduk¢a karmasiktir.

Bu nedenle, kontrol sistemleri mihendisinin gorevi genellikle yalnizca bir sistemi matematiksel olarak
dogru bir sekilde nasil tanimlayacagini degil, ayni zamanda daha da 6nemlisi, gerektiginde sistemin
dogrusal olarak yeterince karakterize edilebilmesi icin uygun varsayimlarin ve tahminlerin nasil
yapilacagini belirlemektir. matematiksel model.



Matematiksel Modeller Ile Sistem Olusturulmasi

Lineer Denklemler, Fonksiyonlar, Diferansiyel denklemler
Analitik Cozumler, Simulasyon, Optimizasyon

Analitik dusinme becerisi, bir problemi ya da hedefte belirlenen bir
konuyu timdengelim yontemi ile kliclk parcalara ayirarak cozmek
anlamina geliyor. Analitik modelleme; problemlerin tespit edilip alt
kimelere ayrilmasinda, verilerden dnemli bilgiler cikarilmasinda ve
yaratici cozimler gelistiriimesinde 6nemli rol oynar.

Yapay Zeka (Makine Ogrenmesi)

Bu sistemler giris ya da cikislari fiziksel sinyaller olabildigi sayisal
vektor ya da matrisler biciminde de sinyaller olabilmektedir.



Geometrik Modelleme

Geometrik modelleme, giris ve cikis sinyallerinin tanimlandigi sekillerin
matematiksel tanimi icin yontemleri ve algoritmalari inceleyen uygulamall
matematik ve hesaplamali geometrinin bir dahdir.

Geometrik modellemede incelenen sekiller cogunlukla iki veya ¢ boyutludur
(kati sekiller), ancak araclarinin ve ilkelerinin cogu herhangi bir sonlu
boyuttaki kiimelere uygulanabilir.

GUnumuzde cogu geometrik modelleme bilgisayarlarla ve bilgisayar tabanli
uygulamalar icin yapilmaktadir.

Geometrik modeller genellikle, sekli, gorinimuni olusturan opak bir
algoritma ile ortult olarak tanimlayan prosedirel ve nesne yonelimli
modellerden ayrilir.




Sistemlerin Matematiksel Modellenmesi



Simulasyon

Simulasyon, mevcut ya da gelistirilecek gercek sistemlerin yapisi ve davranisini anlayabilmek
icin mantiksal ve matematiksel modelleme ile deney yapma olanagi saglayan algoritma
tabanl bir yazilimsal programdir.

Algoritma, girislerden beklenen cikisi elde etmek icin olusturulan ¢6ziim adimlarinin
matematiksel modellenmesidir.

Bilgisayar simulasyonu, gercek veya teorik bir fiziksel sistemin bir matematiksel modelini
tasarlama, gercek diinyada gibi islevlerini yerine getirme ve ciktisini analiz etme disiplinidir.
GUnUmuzde uygulamali egitim alanlarinda ¢cok yogun olarak kullaniimaya baslaniimistir.

”i

Simulasyon, “gercek uygulamalari sanal ortamlarda yaparak 6grenme”' ilkesini binyesinde
barindirir. Sistem hakkinda bilgi edinmek icin 6nce bir cesit modelin olusturulmasi ve
ardindan modelin calistirilmasi gerekmektedir.



Simiilasyonun Ozellikleri

— Sistem davranislarini gézler ve tanimlar.

— Gozlenen davranislar icin gecerli olan teori ve hipotezleri kurar.
— Sistem davranislarini 6ngoérdr.

— Sistemi kontrol etme olanagi saglar.

— Simulasyon, karmasik sistemlerin tasarimi ve analizinde kullanilir.



Optimizasyon

Optimizasyon: Sistemin performansini, cikis sinyalin beklenen bicimini iyilestirme ve hassasiyet giris degerlerini
bulma islemidir.

Optimizasyon: Bir sistemi olusturan bilesenlerindeki degisimlerin duyarlilik etkisini belirlemek amaciyla olasi
tasarim parametrelerinin degisim araliginda, daha iyi veya daha uygun olanlarin belirlenerek ideal bir sistem
ornegini bulma surecidir.

e  Parametrelerin duyarliligina odaklanilir. istatistiksel veri analiz ydntemlerini kullanir.

Optimizasyon algoritmalari bir 6grenme setindeki kaybi en aza indirirken, gérinmeyen numunelerdeki kayiplari
en aza indirmekle ilgilidir.

 Duyarllik analizinde belirli parametrelerdeki kiicuk degisikliklere karsi cikis sinyalerin hassasiyetini belirlemek
icin kullanilir.

e Tasarim hedeflerinin karsilandigindan emin olmak icin bir tasarimi tolere edebilir.

*  Duyarhhgi belirlemek ve bunu glriltiden ve parametre degerlerindeki blyuk 6lcekli varyasyonlardan ayirmak
icin gereken parametre varyasyonlarinin dikkatli secimi yapilir.



Haberlesme Sistemleri

Estimate of
Message Transmitted Received Message
Signal Signal Signal Signal
> Transmitter > Channel > Receiver >

General Structure of a Communication System



Sinyal isleme Sistemleri
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Feedback Control Systems

Sistemlerin akillandirilmasinda kullanilir.

Input: Giris sinyali

Output: Cikis sinyali

Hata: istenen yani beklenen cikis sinyali ile bulunan cikis sinyali degerleri arasindaki fark
Sistem giris sinyalini cikis sinyaline donustiren matematiksel ya da fiziksel sistem

Sensor: Fiziksel degisimleri elektrik sinyali donustiren cihazlar

Denetleyici: Hata bulan ve hatayi minimize etmek amaciyla parametreleri iyilestirme islemi
(Optimizasyon)

Kararhlik 6zelligi, sistemin tim giris degerlerinden sonlu c¢ikis elde etme islemidir. Eger sonsuz cikis deger
elde edilirse sistem kararsiz denir. Bu nedenle, Laplace alani, sistemlerin kararllik analizi icin son derece
yararhdir.

Reference

Input __ Error Output
+r———{ Controller Plant -~

L
L |

A

- Sensor
Feedback
Signal
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Basic Operations on Signal

Operation CT CT Mote
Amplitude scaling yit) = exit) y[n] = cx[n] c = 1 :gain
e = 1 ¢ atten
Addition wit) = xit) + xalt) u[n] = ri[n] + ran]
Multplication wit) = o0t )izalt) y[n] = o1[nr]xan]
Differentiation y(t) = Fx(t) (NO DT case)
Integration wit) = [ xir)dr (NO DT case)
Time scaling wit) = ziat] y[n] = z[kn]
{ a>1: :-rc-n'p-relssmn I = 0 and integer only
a < 1: expansion
Reflection
(time reversal) ult) = = —t) y[n] = x[—n]
Time shifting wit) =zt — ty) y[n] = x[n — ng)
to = 0 right =hift mia == O o night shift
{ to < 0 ¢ left shift { ng < 0 :  left shift
Combination ult) = xiat — ta) v[n] = x[kn — nal

CT: Zamanda Surekli sinyal, DT: Zamanda ayrik sinyal




Ornek: Oteleme

magnimde

y(t) = x(t — 3.5) (shifted to the right by 3.5)

y(t) = z(t + 3.5) (shifted to the left by 3.5).

shifted signals

Cx(t) A

Signal x(¢) and its time-shift transforms by +3.5.



Ornek: y-eksenine gore tersini alma

(a) (b)



Ornek: x eksenine gdre tersini alma




Cosine signal x(t) = cos(t) and time-scaled versions y(t) = cos(2t) and y(t) = cos(t/2).

/

iz =transorm
T
L
o el 1) /_-

o

I

]

1]

i
&

10k ke
] i

1 -
i i
4 2

/N

~
N\

/'

\/

\/

[l
1]

/

—_—

\/

\/
\

I
2

1]

i
2

T=1/f
T: Peryod (Saniye), f: frekans (Hz=1/saniye)

. Cosine signal z(t) = cos(t) and time-scaled versions y(t) = cos(2t) and y(t) = cos(t/2).



Ornek

Figure 1.15. Equations for the linear segments of Figure 1.14
Following the same procedure as in the previous examples, we get
vit) = (2t + D uplt) —uglt — 1]+ 3[ugle—1) —uy(t—2)]
+(—t+ 3 uglt—2)—uylr—3)]

Multsplying the walues in parentheses by the values in the brackets, we get
vit) = (2t + Dug(t) — (2t + Dug(t— 1)+ 3ugle—1)
—3ug(t—2) 4+ (=t 4+ 3uglt =2)—(—1+ 3uplr-3)
or
vit) = (2t + Dug(t) + [ (2t + 1)+ 3]uglt—1)
+[-3+(—r+3)]Juglt=2)—(—1t+ 3up(r-3)

and combining terms inside the brackets, we get

vit) = (2t + Dugle)=20t — 1uglt— 1)—tug(t—2) + (1 —3uy(r—3)



Ornek

v(it) 2
—t+ 1 — 1 e —— 14 1
Ty 'y
Vw
4
_T/2 o T/2

Figure 1.13. Equations for the linear segments of Figure 1.12

For line segment @,
v;(t) = (§f+ I)[rrﬂ [I+ g) — uﬂ{r_“]]

and for line segment @,
2 .. . T
vo(1) = (—? r+ I.) [uﬂ{ﬂ — Uy (.f_ 5 ]:I

Combimng (1.13) and (1.16), we get

vit) = vi(1) +v,(1)

= (% t+ j][uﬂ [r + ;1 - u._-;(f]} + (—% r+ f][“n{ £) —ug (f - gﬂ



Ornek

Figure 1.21. Waveform for Example 1.9

Solution:

a. We first derive the equﬂtioﬂs for the linear segments of the gﬂ-‘en waveform. These are shown in

Figure 1.22.

Next, we express v(f) in terms of the umt step function u,(7), and we get

vit) = 2t[ug(t+ 1) —uglt— 1))+ 2[uglt— 1) —uglt —2)]
+(—r+5)uplr—2)—uglr—4)]+ [ug(t —4) —uylr—35)]

)
[
]
[ ]
e

+(—1+0)[ug(t—3) —uy(t—7)]



Ornek:

Soru: Sekil'de gosterilen sinyalleri birim adim fonksiyonlari acisindan ifade edin.

x(r)

1 —
! 0 ! 2 3 4

x()=u(t+1)+2u(t)—u(t=1)—u(t-2)—u(t-3)

X(t)= [u(t+1)-u(t)]+3[u(t)-u(t-1)]+ 2[u(t-1)-u(t-2)]+ [u(t-2)-u(t-3)]
X(t)=u(t+1)-u(t)+3u(t)-3u(t-1)+ 2u(t-1)-2u(t-2)+ u(t-2)-u(t-3)
X(t)=u(t+1)+2u(t)-u(t-1)-u(t-2)-u(t-3)



The given pair x (t) and y (t) is related by

a) Y (t) = d/dt (X (t)) » m v ()
b)Y (t)=x(t)+1 — /}/\\
c) Y (t) = [x (t) .dt | — —

d) Not related \T_/

View Answer, Answer: C

Explanation: The given pair x (t) and y (t) is related by Y (t) = [x (t) .dt. The integral of x
(t) givesthe Y (t). Y (t) =0 for t > 1.



X (t) ve y (t) sinyallerinin birbirleri ile iliskisi nedir?

(F1(t)=at+b ve F2(t)=c ifadelerini goz ontne aliniz)

Her iki sinyalin matematiksel ifadesini bulunuz.

Iki sinyalin birbiri ile iliskisi ne olabilir. (Tlrev, integral, toplama, carpma, bélme,
cikarma...)

Y (t) =d/dt (x (t))
Explanation: The given pair x (t) and y (t) is related by y (t) = d/dt (x (t)). From -2 to 2
we have Y (t) is zero because differentiation of constant is zero.

X i{t} y(t)

[
=

-3 -2 -1 0 1 2 3



Genlik Olceklendirme

Genlik 6lceklendirme, a'nin gercek bir sayi oldugu y(t) = ax(t) ile verildigi gibi, giris sinyali x'i ¢ikis
sinyali y'ye esler.

Geometrik olarak, cikti sinyali y genlik olarak genisletilir ya da sikistirilir ve/veya yatay eksen
etrafinda yansitilr.

J'jl‘—'

N N . [\
3 2 ] 23 !

\
-
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Amplitude Scaling

C x(t) is a amplitude scaled version of x(t) whose amplitude is scaled by a factor C.

Al X l:'(}
0.5 x (t)



Genlik Degisimi

 Genlik kaymasi, y(t) = x(t) + b ile verildigi gibi giris sinyalini x cikis sinyaline y esler, burada b bir
gercek sayidir.

 Geometrik olarak, genlik kaydirma, x'e dikey bir yer degistirme ekler.




Genlik Olgceklendirme ve Genlik Kaydirma Birlestirilmesi

Genlik olceklendirme ve genlik kaydirma dontsimlerini de birlestirebiliriz.

a ve b'nin gercek sayilar oldugu, y(t) = ax(t) + b ile verildigi gibi, x giris sinyalini y ¢ikis sinyaline
esleyen bir dontsimu didsunun.

Esdeger olarak, yukaridaki donisim y(t) = a[x(t) + b/a] olarak ifade edilebilir.

Yukaridaki dontisim suna esdegerdir:

— ilk olarak x'i a ile 6l¢ceklendiren genlik ve sonra ortaya cikan sinyali b ile kaydiran genlik; veya
— ilk genlik x'i b/a ile kaydirir ve sonra ortaya cikan sinyali a ile 6lceklendirir.



Addition

Addition of two signals is nothing but
addition of their corresponding
amplitudes. This can be best explained

by using the following example:
z(t)=x1(t) + x2(t)

As seen from the diagram above,

-10 < t < -3 amplitude of z(t) = x1(t) + x2(t)=0+2=2
-3 <t <3 amplitude of z(t) = x1(t) + x2(t)=1+2=3
3 <t <10 amplitude of z(t) = x1(t) + x2(t) =0+ 2 =2

-10 -3 3 10

X1 (t)
A
1
>
3 3 t
+
A
5 . x2 (t)
>
10 10 t
Az (t)



Ornek

Iki sinyalin eklenmesi, karsilik gelen genliklerin eklenmesinden baska bir sey degildir. X1(t)’yi
cizdiriniz, X2(t)’yi cizdiriniz. O halde z(t)=x1(t) + x2(t)=" bulunuz. Z(t)’yi cizdiriniz.

X1(t)=0, t<=-3; X1(t)= 0, t>=0; X1(t)=2, -3<t<0
X2(t)=0, t<=0; X2(t)=0, t>=3; X2(t)=2, 0<t<3
Z(t)=0, t<=-3; Z(t)= 0, t>=+3; Z(t)=2, -3<t<3

A X2(t) 4 z(t)
4 x1(t)

2
t —» t
—» t 3 — -3 3




Addition

Xt
‘() X2(t)
k 4
b/ 7
r/
DS ’0
5 | -5
».": b
- b
/o
' A lO A A L’ 0.
o= ‘2' - A A A A A
1 -3 1:\123 -432.1'1234’
(A) (B)




Subtraction

subtraction of two signals is nothing but
subtraction of their corresponding
amplitudes. This can be best explained by
the following example:

As seen from the diagram above,

-10 < t < -3 amplitude of z (t) = x1(t) - x2(t) =0-2=-2
-3 <t<3 amplitude of z (t) = x1(t) - x2(t)=1-2=-1

3 <t< 10 amplitude of z (t) = x1(t) - x2(t)=0-2=-2

X1 (t)
My
1 |
- >
_3 3
oy
> x2 (t)
10 10
Az(t)
-10 -3 3 10



Multiplication

Multiplication of two signals is e

nothing but multiplication of their 1

corresponding amplitudes. This can B, s

be best explained by the following Ao
2

example: |
-10

As seen from the diagram above, , Az (1)

-10 < t < -3 amplitude of z (t) = x1(t) xx2(t) =0x2=0 [

-3 <t <3 amplitude of z (t) = x1(t) xx2(t) =1x2=2

3<t<10amplitude of z (t) = x1(t) x x2(t) =0x2=0 10 3




Elementary Operations on Signals
* Amplitude Scale: y(t) = ax(t), where a 1s a real
(or possibly complex) constant.

* Amplitude Shift: y(t) = x(t) + b. where b 1s a real
(or possibly complex) constant

* Addition: y(t) = x(t) + z(t)

* Multiplication: y(t) = x(t)z(t)
®(t)

2L

15¢
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0.5
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151

0.5F
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25

1
25

0

1
25

o [u] 1 1.5 2
x(t)+z(t)
o o] I1 1 !5 2 2.I5
x(t)z(t)

1
25

1
2.5




A

Consider a CT signal x(r) defined as follows:

t+1
1

—t+3
0

x(1) =

-1<t<(
0<t=<2
2=t=<3
elsewhere,

(1.53)

as plotted in Fig. 1.25(a). Determine the expressions for the time-scaled signals

x(2t) and x(z/2). Sketch the two signals.

Solution

2t +1
1
-2t +3
| 0

.1'(2’) =

t/2+1
1

—t/2+3
0

x(t/2) =%

\

—05<r<0
D=<t=1
| O e
elsewhere,

—2 X359
0<t=<4
4<t=<6
elsewhere,

x(t)

1.25

0.75

05

025

LO

10

10

10



Example

Sketch the time-inverted version of the causal decaying exponential signal 1.2
1
- et 120 \
x(@t)=e""u(t) = - 1.56) 0.8
Ll {ﬂ elsewhere, e 0.6 \
which is plotied in Fig. 1.28(a). 0.4 \\
0.2  ~=ug
. '}
Solution == —4 -2 0 2 4 6
e +t=0
AE= {U elsewhere.
x(—t)
12
1
0.8 /}
0.6 7
0.4 =
0.2 -
0 — !



The CT Unit Step Function

(1, >0
1
u(r)=4=, 1=0
=13
_0 , 1<0
Precise Graph Commonly-Used Graph
u(t) Ug)
1 1
%
7 -1 -1

The product signal, g(7)u(7), can be thought of as the signal, g(7),
“turned on” at time, 7= 0.



The CT Signum Function

1 , t>0]
sgn(7)=<0 , =0 = 2u(z)-1
-1, 7<0 |
Precise Graph Commonly-Used Graph
sen(t) sen(t)
| 11
-1 -
—1 —_— 1

The signum function, in a sense, returns an indication of
the sign of its argument.



The CT Unit Ramp Function
ramp(7)= {r 120 }— j W(A)dA =ru(r)

0, <0 <
ramp(t)
1
| - |
1
ik ik wjfi'u} wh)
e o R o S o I SR 2 o o T 2
t=-1 =1 =3 =35




Representation of Discrete Signal

o =2 -1 0123 45
o 0001 4100

4, forn=2

1, forn=13 "
x(n) = {
0, elsewhere

x(n)

Functional representation Tabular representation

¥ny={.,0,0,1,4,1,0,0,..]} infinite — duration signal
x(n)=4{0,-2,1,4,-1,} finite — duration signal



Filtre



Ornek: Filter

Frekans domeninde indislenmis ayrik sinyal degerleri, n=1,2, ..., 10 asagida
verilmistir.

X[n]=[7, 2, 1, 2,2,2,2, 10, 4, 7]

Y[n]=[O, O, O, 2,2,2,2, 0, 0, O]

X[n] girisi Y[n] filtre girisi ile carpildiginda cikis Z[n] ne olur?



Ramp Signal

Ramp signal is denoted by r(t), and it is defined as r(t) = {; o
L T
5 /u(t)=/1=t=r(t)
1 d
o| 1 2 t u(t) = d:(t)
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Sistemlerin Blok Diyagram Gosterimi
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Sistemlerin Matematiksel Model Gosterimi

Karmasik sistemler olusturmak icin birbirine baglanabilen bazi temel yapi taslarin
tanimlanmasi gerekir.

x(t) z(t)=x(t)+y(t) x(t) o xit)
— (O —*‘ >
T +

) (b)
Diagrams of basic signal operations: () adder, y(t
(D) constant multiplier, (c) delay, and (d) time (a)
windowing or modulation.
(t) % (t—1) x(t) x(t) wit)
x—l-r Delay 1 —» 4><}D—>
(c)
wt)



Example-1

Consider the following equations in which x;, x,, x5, are
variables, and a;, a, are general coefficients or mathematical

operators.

X3 =@y X; +AyXy — 5

Zl > .‘ e all‘
a,r,
+
KF
Qoo T3




Example

* Consider the following equations in which x;, x,,. . ., x,, are
variables, and a,, a,. . ., a are general coefficients or
mathematical operators.

n 7

Xn — aIXI -+ a2X2 -+ an_lxn_l




f(z,y,2) = (z+y)z
eg.x=-2,y=5,z=-4

Ornek

g=z+y L=1,2=1

oz ’ By
ar _ 9F
f:qz 3_q_za§_q
o o 0
Want: / / /

oz’ By’ Oz



example:

w0 200
x0 -1.00
wl -3.00
*
x1 -2.0

w2 -3.00

Ornek

1

f(w,x) — 1 3 e—(wo:co+w1.'z:1+w2)



* Daire icindeki degerler
belirleyici hiperparametredir.
Toplanir.

o f=-2(x+y+1.5)+x+y+0.5



U yg u I a m a - 1 y(t)=x(t)Cos(w.t)

a) Sistem bellekli mi?
|mTTEsssssEE- b) Sistem nedensel mi?

I
: : c) Sistem lineer mi?
; Multiplier ! d) Zamanla degisir mi (time-invariant)?
: ‘ e) Kararli mi?
' I
: : a) Sistem belleksiz. Cikisin y(t) degeri yalnizca x(t) girisinin mevcut degerlerine
: ! bagh oldugundan, sistem hafizasizdir.
' . . . e . v . v
: | b) t=5, y(5)=x(5)cos(w_t); Cikti y(t), x(t) girdisinin gelecekteki degerlerine bagl
| N : olmadigindan, sistem nedenseldir.
¢ '
B o Samr e o e oz [
(d) Let ) (T ) be the output produced by the shifted input X (1) =x (I — Iy ). Then
(@ Let x(1) = ax(f) + X (7). Then V(1) =T{x(t —tg)} = x(t — 1) cos @, (1)
y(1) = [alﬂ(r) + QZA‘Z(T)]COS Ocl But V(I — 1) = x(f —1y)cos @.(f —1y) # V(). Hence. the system is not time-invariant.
= axy (1) cos @t + tty x5 (1) COS @, 1
= a1 (1) + ar v (1) (e) Since ‘COS (Ocr‘ < 1. we have
Thus. the system is linear.
111 1€ SYSIEI 15 limear ‘J'(I)‘ _ ‘x’( !f) COS ﬁ)ﬁf‘ i’: .x'( f)‘

Thus, if the input x(7) 1s bounded, then the output y(7) 1s also bounded and the system 1s BIBO stable.



Intelligent systems in systems as
feedback



Intelligent systems in systems as

feedback

* |f the outputs of the
systems become inputs
as feedback, the systems
start to become smarter.

Sistem




Uygulama-2

Surekli zaman sistemi, iki entegratorden ve iki skaler ¢carpandan olusur. Cikti y (t) ve giris x (t) ile iliskilendiren bir
diferansiyel denklem yazin.

e(t) = dw(?) = —ayw(t) —ar y(t) + x(1)
d dt
’ oy (@)
w(t)) = 2

d* (1) dv(7)
> — 4
(_f}“ (ﬁL

2 }
d~y(1) ray dy(7)

d#? dt

—ayy(t) + x(7)

+a, (1) = x(1)



Dogrusal durum uzayi denklemlerinin blok diyagram
gosterimi




Block Diagram Representation

Representation of a system in terms of discrete blocks that
represent part of a system.

INFUT Equation Relating OUTPUT
i(t) iI(1) and o(t) o(t)
INPUT System Transfer oUTAUT

I(s) Function O(s)




Block Diagram Representation

Xy _]
Summing Junction - Used X] + @ X] — X2 = X3

to sum signals together

X3_

Constant Gain - Scalar X1 K kx4
multiplier

Transtfer Function - Given a
system with zero initial

conditions, the transfer £(t) : 1 X(t) .
function is the ratio of ms? + cs + k
output due to input




Block Diagram Representation

T.F. Series

Y X(s) Y(s)
}(g:Gz(S)Gl(S) LG (s)—G (5)—
T.F. Paralle/
YO _G,m+ay [Ty YO
X(s) —Gy(s9)—
Integration
t [ ] Y
x(t) L;X (v)de y(t) X(s) - (s)




An analog block diagram for a single DOF system

F—kx—cx=mx
k“
kx
F—{G > 2, J.dt *@Lf
| 20
CX




Control Systems

* One forward path

* Four transfer functions in the forward path G, G,, G, G,.

» Three Feedback Loops.

* Three Summing Junctions

65




Block Diagram = Flow Graph

Besides Block diagrams, control systems are often represented

using Flow Graphs

Block Diagram l Hy |

R(s)
-—-—-- G, —>- G >©_> G | G

| i L

Flow Graph

1
R(s) e Gl e .\
W H2

G4, 1, Q)

—

block diagram.

Note that two of the H transfer functions in the Flow Graph have negative signs. This is
necessary since the summing nodes do not have any signs associated with them as in the

66




Solve For The Transfer Function

R(S) + ‘ E Gl ‘ C(s)
_ ] J
H
Solution:

C(s) = G4E (1)

F=C(s)H (2)

E = R(s)-F (3)

E = R(s)- C(s)H (4)

C(s) = G4[R(s)- C(s)H] ©))

C(s) +C(s)HG, = G1(R(s)
C(s)[1 + HG,] = G1(R(s)

C(s)/IR(S)=G,/(1+G,H)

67




Solve For The Transfer Function

G, A
R@)_*',(TDE I o G, B +, <—£’> Cs)
F ]

H

Solution:

C(s)=A+B (1)

A=G,E (2)

B =G,E 3)

F=HB (4)

E = R(s)-F (5)
Substitute (2) and (3) into (1); Ck)=G,E+G..E=(G,+G,)E (6)
Substitute (5) into (6); C(s) =(G, +G,)[R(s)—F] (7)
Substitute (3) into (4); F = HG.,E (8)
Substitute (5) into (8); F = HG,[R(s) — F] (9

) _ HG_,R(s)

Sol 9) for F; F = 2 10
olve (9) for 1+ G, H (10)

. . _ _ HG_,R(s)
Substitute (10 to (7); C = (G G R(s) — 2 11

ubstitute (10) into (7) () =(G1+CIIREO) — 7 & ] (11)
1+G,H—-—HG
C = (G G 2 2 R
(S) ( 1+ 2) l-l- GZH (S)

C@i) _(G;+6G,)

TO=RE = 1+G,H

68
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Interconnection of Systems

@ Two basic ways in which systems can be interconnected are shown below.

x(r)  [System 1 —~_ )
- - .‘H] +\_+,J'_.._
x(7) System 1| | System 2 v()
Hi ] Hy
| System 2
Series %
Parallel

@ A series (or cascade) connection ties the output of one system to the input
of the other.
@ The overall series-connected system is described by the equation

y= 96 {#i{x}}
@ A parallel connection ties the inputs of both systems together and sums

their outputs.
@ The overall parallel-connected system is described by the equation

y = Hi{x}+ Hh{x}.



Feedback Control and Transfer Function
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A Typical Feedback System

+
Reference or
Command Input

* Why use feedback?
= Dogrusal Olmayan bilesenleri Azaltma
= Belirsizliklere ve Degiskenlige Duyarliligi Azaltma
= Kararsiz Sistemlerin Stabilize Edilmesi
= Bozulmalarin Etkilerini Azaltma
"= |zleme

= Sistem Tepki Ozelliklerini Sekillendirme (bant genisligi/hiz)

To Be Designed

(+)—
- A

?

ﬁ_

Feed Forward

"Plant”

?

i

Feedback

To Be Designed


http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__20/Lecture__20.pdf
http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__20/Lecture__20.pdf

Motivating Example

e ! o
[_;;:}% . e ’%\ —
Ei > ._:—::;9 E:HE:E:—_ T :—’;

:q—Fj k16D k1[6D-0(1)] f_

_

] FPotentio . ifier —
| - YD meter Comparator fgrgﬁ-'.'ﬂgi |
- | ~ a(t)
v{tl(’jI) :
B s a(t)
: FPotentio
meter
K10(t)
+
vi(t) | Motor = O(1) O —a K »| Motor — O(t)
IrH:nut Platform - ‘
voltage angular
position

* Open loop system: aim and shoot. * Closed-loop system: automatically adjusts until the

- What happens if you miss? proper coordinates are achieved.

) * Issues: speed of adjustment, inertia, momentum, stability,
* Can you automate the correction

process?


http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__20/Lecture__20.pdf
http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__20/Lecture__20.pdf

Transfer Fonksiyonu

Als)

—» y(t)

Y(s)= A(s)*[X(s)-Y(s)]
Y(s)= A(s)X(s)-A(s)Y(s)
[1+A(s)]Y(s)= A(s)X(s)
Y(s)/X(s)=A(s)/[1+A(s)]



System Function For A Closed-Loop System

A'(s)

X(t) —:T-G
-A

N

A(s)

l d(t)

T»@—»

C(s) —

B(s)

Y(s) AB

X (s) 1+ 4+ 4BC


http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__20/Lecture__20.pdf
http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__20/Lecture__20.pdf

System Function For A Closed-Loop System

* The transfer function of this system :

+ e(t)
E(s) = X (s) — R(s) = X (s) — G(s)Y (s) x(1) —r-(:)—-—‘ H(s) R

Y (s) = H(S)E(s) = H(s)[X (s) —G(s)Y (s)]

_Y(s) H (s)
Q) =S ey " TrG(s)H (s)

 Black’s Formula: Kapali dongii transfer fonksiyonu su sekilde verilir:

* jleriye Yonelik Kazang: Bir yazin kazancinin 1 oldugu giristen cikisa giden ileri
yolun toplam kazanci.

* Dongli Kazanci: tiim sistemler tarafindan paylasilan kapali dongii boyunca
toplam kazang..

r(t)

»Y (1)

Loop

G(S] ——————

Forward Gain

1—Loop Gain


http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__20/Lecture__20.pdf
http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__20/Lecture__20.pdf

The Use Of Feedback As Compensation

* Assume the open loop

+
gain is very large x(t) _""®—"" K —> P(s) —> y(1)
(e.g., op amp):
_ KP(jw)
Q(jw) = - .
1+ KP(ja)G(jw) Gs) 5
1
~ G(jwo) < Independent of P(s)

+ E=AV KAV
X(t) © h <AV x(t) —>( )— K —— v
E=AV K O+ - A
: ‘ ()

VWV —
) % h B G(s) = —

A

R,+ R
Q(S)z#_: R, + R,
G(jow) R,

* The closed-loop gain depends only on the passive components (R, and R,) and is independent of the open-loop gain of the op
amp.


http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__20/Lecture__20.pdf
http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__20/Lecture__20.pdf
http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__20/Lecture__20.pdf
http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__20/Lecture__20.pdf

Stabilization of an Unstable System

* If P(s) is unstable, can westabilize the system by

inserting controllers?

Q(s) =

x(t) —3:—@—1-—

* The overall system gain is:

Q(s) =

x(t) —:—®—»- C(s) - P(s)
* Design C(s) and G(s) so that the poles of Q(s) are in the LHP: Compensator Plant
C(s)P(s)
1+ C(s)G(s)P(s) G =
« Example: Proportional Feedback (C(s) = K)
1
K . -» = ()
s-2 P(s) = —
s—2
C(s) =K
G(s)=1
K
s—2 K
14 K s—2+ K

s—2

> y(t)


http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__20/Lecture__20.pdf
http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__20/Lecture__20.pdf
http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__20/Lecture__20.pdf
http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__20/Lecture__20.pdf

Second-Order Unstable System
* Try proportional feedback:

1 x(t) ———(C——| C(s) = K [——= .

P(s) = — C(s)=K G(s)=1 s™-4
s°—4
K
s?2—4 K
S) = —
Q) 1 K s> -4+ K
+— 2
S > 0, K<4
. pl — 4— K — )
One of the poles is at JvK -4, K=>4
Unstable for all values of K.
+ e(t)
* Try damping, a term proportionalto d / dt: x(® () ™| Ky + Kgs > 521_ 2
Ci(s)
K, + K,s T ° )
32 — 4 Kl —+ KZS
S — —
Q(s) 1+K1+K23 s+ K, s+ K, —4
s® —4

* This system is stable as long as:
" K, > 0: sufficient damping force

= K, > 4: sufficient gain

= y(t)

v(t)



http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__20/Lecture__20.pdf
http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__20/Lecture__20.pdf
http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__20/Lecture__20.pdf
http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__20/Lecture__20.pdf

The Concept of a Root Locus

* Recall our simple control system
with transfer function:

C(s)P(s)

Q(s) =

1+ C(s)G(s)P(s)

* The controllers C(s) and G(s) can be
designed to stabilize the system, but that
could involve a multidimensional optimization. Instead, we would like a simpler, more intuitive approach to understand the

behavior of this system.

* Recall the stability of the system depends on the poles of 1 + C(s)G(s)P(s).

Y

y(t)

4
x(t) > @ > C(s) —— P(s)
T Compensator Plant
G(s)

* Aroot locus, in its most general form, is simply a plot of how the poles of our transfer function vary as the parameters of C(s)
and G(s) are varied.

* The classic root locus problem involves a simplified system:

x(t)

K

=

Y

Q(s)=

G(s)

——»| H(s)

Y (1)

_—l

KHi(s)

1+ KH(s)G

(gr__

Closed-loop poles are the
same.

x(1) — > (+ »| H(s) > y(t)
T— K | G(s) —]
H
—> Q(s)= 1% KH({SS]}G(S]



http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__21/Lecture__21.pdf
http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__21/Lecture__21.pdf
http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__21/Lecture__21.pdf
http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__21/Lecture__21.pdf
http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__20/Lecture__20.pdf
http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__20/Lecture__20.pdf

Example: First-Order System

Y

* Consider a simple first-order system: +
1 x(t) —(+)——>| c(s) — P(s)
H (s) = 10 T Compensator Plant
C(s) =K G(s)
G(s)=1
K
C(s)H (s : 2 K
0 (s) = (DHs)  __ s+2 .
1+ C(s)G(s)H (s5) | + K s+ 2+ K
s+ 2

* The pole is at s, = -(2+K). Vary K from O to [ I

I rra Hfm

K=0 K<=<0

- = e -
-2 (}{AEE -0 (}15£2

Becomes /ess stable

Becomes more stable

* Observation: improper adjustment of the gain can cause the overall system to become unstable.

y(t)


http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__20/Lecture__20.pdf
http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__20/Lecture__20.pdf

Example: Second-Order System With Proportional Control

Proportional

controller

X )+ (,1-\

K

Amplifier Motor
1 ) Y (s)
—_— —_— '
s+ 100 Simpll

 Using Black’s Formula:

K

(s+100)(s+1)
K

1+
(s+100)(s+1)
K

Q(s) =

T (s+100)(s+1) + K

* How does the step response
vary as a function of the gain, K?

* Note that as K increases, the
system goes from too little gain
to too much gain.

Amplitude

Amplitude

Amplitude

1 n©
! L

K

005 O
Time (secs)

K

3
7

— "{ '
L

2

0.05 0.1
Time (secs)



http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__21/Lecture__21.pdf
http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__21/Lecture__21.pdf
http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__21/Lecture__21.pdf
http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__21/Lecture__21.pdf
http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__21/Lecture__21.pdf
http://stellar.mit.edu/S/course/6/sp08/6.003/courseMaterial/topics/topic1/lectureNotes/Lecture__21/Lecture__21.pdf
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Turevin Yorumu

Birinci Turev

Birinci ve ikinci tirevlerinin verdigi bilgilerden f’(x) veya df/dx olarak yazilan f(x) fonksiyonunun ilk tiirevi, x
noktasindaki teget cizgisi fonksiyonun egimidir.

Grafik olmayan terimlerle ifade etmek gerekirse, ilk tlirev bize bir fonksiyonun nasil arttigini veya azaldigini
ve ne kadar artacagini veya azalacagini soyler.

Pozitif egim bize x arttik¢ca f(x)'nin de arttigini sdyler. Negatif egim bize x arttik¢a f(x)’in azaldigini séyler. Sifir
egim bize 6zel bir sey sdylemez: fonksiyon o noktada artar, ne azalir veya yerel maksimumda veya yerel
minimumda olabilir.

Turevler acisindan bu bilgileri yazarken sunu goriyoruz:

d];ip) > 0, ise f(x), x = p’de artan bir fonksiyondur.
%S@ < 0, ise f(x), x = p’de azalan bir fonksiyondur.
d];ip) = 0, ise ozaman x = p, f (x)'in kritik noktasi olarak adlandirilir ve x(p)’deki f (x) 'nin davranigi hakkinda

yorum yapilamaz.



Turevin Yorumu

Ikinci TUrev

2
Bir fonksiyonun ikinci tirevi, f”’ (x) veya —— al > olarak yazilir. Ik tiirev bize fonksiyonun

arttigini veya azaldigini sdylese de, |k|nC| turev

2
x=p'de ddj;(zp) >0 ise, f(x), x = p'de yukari dogru kavislidir.
2
x=p'de ddf(p) <0 ise, f(x), x = p'de asagi dogru kavislidir.
2
x=p'de 4 f(p) =0 ise, o zaman f(x) 'in x = p'deki davranisi hakkinda bir yorum

ya pamlyoruz.

Birinci tlrevin anlamindan x, f(x) fonksiyonunun kritik bir noktasi oldugunda, o noktada
fonksiyonun davranisi hakkinda bir yorum yapabilmek icin, x’in bolgesel maksimum veya
bolgesel minimum oldugunu 6grenmek icin genellikle islevin ikinci turevi kullanilir.



Ornek

f(x)=2x3+3x2-72x. Determine the intervals over which the
function is increasing, and the intervals over which the function is
decreasing.

Find the first derivative.
f'(x)=6x2+6x-72=6(x?+x-12)=6(x+4)(x-3)

Interpret the graph.

We know that when the derivative is positive, the function is
increasing. The graph above shows that the derivative is positive
(i.e., above the x-axis) when x<-4 and when x>3.

We can also see that the derivative is negative (below the x-axis)
when -4<x<3

The function is increasing on the intervals from (—oo,-4)U(3,0).
Likewise, the function is decreasing over the interval (-4,3)

f'(=z)

'||’H

f(z)

“H




Ozdeger ve O0zvektorlerin ozellikleri

Ozdeger ve dzvektirlerin baz 6nemli zellikleri

1. Ozdeder problemi sadece kare matrisler icin tammhdir.

2. An matrisinin daima n tane dzdederi, ,.-{1”-‘1.,‘...._,,-1' vardir.

3. "'1. dzdederi A matrisinin determinantini sifir yapar.

4. Her A tzdegerine karsiik gelen bir x Gzvektori vardir. 4 ve x cifti beraber (4 — A4, I)x, =0 bagintisini

saglar.

5. Ozdederler pozitif, negatif, sifir gercek sayilan olabildidi gibi sanal sayilar da olabilir.

6. Ozvektdrlerin elemanlan gercek ve sanal sayillardan olusabilir.

7. Elemanlan gercek sayilardan clusan A simetrik (A'=A) ise, tim Ozdederler de gercek sayilardan olusur.
Simetrik matrisin Szvektérleri ortogonaldir: X'X=I

8. A simetrik (A"=A) ve pozitif tanimh ise tim Gzdederler de pozitiftir.

9. Baza dzdegerler birbirine esit olabilir. Fakat Esit dzdederlerin dzvektirleri mutlaka farkhdir. Clnkd

dzvektorler dogrusal bagimsizdir. Ornegin

1 1 0 0
1 birim matrisinde A, = A, = A, =1 ve dzvektdrier x,=|0| x,=|1| x,=]|0
| 0 0 1

dir. Goraldgd gibi, Gzdegerler birbirine esit fakat dzvektirler birbirinden farkhdir.




Ozdeger ve dzvektorlerin dzellikleri

10. x; ozvektorinin herhangi bir gercek ¢ sayisi ile carpilmas) veya bolinmesi sonucunda elde edilen yeni
vektor de bir ozvektordir. Yam vyeni vektbrox ile de [i-,.-i{i]{f;_}:ﬂ saglamir. Bu onemli Gzellik

nedeniyle, istenirse, c herhangi bir gercek say secilebilir.
11. A wve A" aym dzdederlere sahiptir, fakat dzvektirleri genelde farkhdir.
12. A, ve B, kare matrisler olmak (zere A B ve B A matrisleri ayni dzdegerlere sahiptir.
13. A nin dzdederi ;!1 ise A" in zdederi l.l"r*'l. dir. i.- = () durumunda ||,|" ,{J tamimsizdir, bu ise A nin tekil ve
A in olmadwj anlamindadir.
14. A, matrisinin izi 6zdegerlerin toplamina esittir:
Iz A=au+ ant.+am=A, + A4, +...+ A
15. A matrisinin determinanti dzdederlerin carpimina esittir:
detA=Ad - A, ..o A

Dolavisiyla, dzdederlerden herhangi biri sifirsa, ;L =) , det A=0 dir ve A tammsizdir.




Ozdeger ve dzvektorlerin geometrik
yorumu

Ozdeder ve dzvektdriin geometrik yorumu
A x=3lx bagintisindan hesaplan A dzdederi ve x Gzvektirl su sekilde yorumlanabilir: A matrisi x vektdrini A

kadar blylitmekte veya kiclltmektedir. x vektiriinin dogrultusu dedismemekte fakat yonil dedisebilmektedir.
4 pozitif ise X ve ix ayni yonde, aksi hale ters yindedirler.

AX

|2
[



Ozdegerlerden kararli ya da kararsiz
durumlarin belirlenmesi

A, ve A, 6zdegerlerine bagli olarak birkag farkli denge tira ortaya ¢ikmaktadir. Bilindigi gibi A, ve A,, genel
ikinci dereceden bir denklem olan |4 — AI| = 0, karakteristik denklemin kdkleridir. Bu nedenle kokler
gercek veya karmasik sayilar olabilir ve asagidaki denge kararliligi durumlari ortaya cikarir.

Ozdegerler, ¢oziim denkleminde et ve e#2t katki verirler. Bu durumda ussel negatif 6zdegeri olan fonksiyon

t — oo olurken ¢ozum egrisine yakinsar. tssel pozitif 6zdegeri olan fonksiyon t — oo olurken ¢6zim
egrisinden iraksar.

eM, fonksiyonunun iki ana davranis tird vardir. <0 >0
A<0 iken t artiginda eM kararl bir noktaya yaklasir.

A>0 iken t artiginda eM kararsiz sonsuza gider.

i



Ozdegerlerden kararli ya da kararsiz
~ durumlarin belirlenmesi

A<0 iken, asagidaki denklem kararli bir durum belirleyecektir.
A>0 iken, asagidaki denklem kararsiz bir durum belirleyecektir.

() =c()e* \

Kararl durumlar: \\“

Kararh digum noktasi: A,<0 ve A,<0; kokler reel.
Kararli spiral: A, , = a * iB; a<0;

Kararsiz durumlar:

Kararsiz digim noktasi: A;>0 ve A,>0; kokler reel

Kararsiz spiral: A, ,= o £ iB; a>0

Dairesel spiral: A, , = +iB; a=0;

Eyer ya da denge noktasi: A;>0, A,<0 ya da A,<0, A,>0; kokler reel




Denge — DonUm - Eyer Noktalari

Bir f fonksiyonunun konvekslikten konkavliga veya konkavliktan konvekslige gectigi ve
fonksiyonunun surekli oldugu noktaya donum (bukim) noktasi adi verilir.

Denge, degismeyen bir sistem durumudur.
Iki boyutlu bir uzayda kararli denge: digiim ve odak

Bir sistemin dinamikleri bir diferansiyel denklem veya bir diferansiyel denklem sistemi ile
tanimlaniyorsa, o zaman denge noktasi bir tirevi (tim turevleri) sifira ayarlayarak tahmin

edilebilir.

Ozdegerlerin hicbirinin gercek kismi yoksa denge noktasi hiperboliktir.
Tum o6zdegerlerin negatif gercek kismi varsa, denge kararli bir denklemdir.
En az birinin pozitif bir gercek kismi varsa, denge kararsiz bir dugimdduir.

En az bir 6zdegerin negatif gercek kismi varsa ve en az birinin pozitif gercek kismi varsa, denge
bir eyer noktasidir.



Denge durum noktalari ve faz duzlemleri

* Lineer veya lineer olmayan tipten ¥ = f(t,x,x), denklemler teorisinde x(t) cogu kez
x-ekseninde hareket eden bir noktanin t anindaki yerini ve y(t)= x(t) de t anindaki
hizint tanimlar. (x(t), y(t)) ikilisi, birlikte, sistemin t anindaki durumunu belirler.

* Sistemin davranisi, (x,y) -dizleminde (x(t), y(t)) noktasinin geometrik yeri ile tarif
edilebilir. Bu bicimde diferansiyel denklem ile iliskilendirilen (x,y)-duzlemi faz diizlemi
olarak adlandirilir. (x(t), y(t)) parametrik cozim egrisine yoriinge ve onun gorintusine
de orbit veya iz denir. Bir yoringe ile orbit arasindaki fark, yoriingenin ¢cézim egrisinin
oryantasyonunu veren t parametresi ile donatiimis olmasidir.

i = f(t,x,x), genel denklemi icin, denge noktalari x ekseninde bulunur ve tiim f(x, 0)
= 0 ¢ozumleri tarafindan tanimlanir. (x,y) (y=x ) dizlemdeki faz yollari birinci
mertebeden denklemin ¢ézlimleri yardimiyla belirlenir.



Denge durum noktalari ve faz duzlemleri

Sy
c oy =i=2

e By _dydx _ dy _
x_dt_dxdt_ydx_f(x'y)

ay _ fxy)
dx y
dy X

dx  x

. x ve y eksenlerindeki 6lceklerin her zaman ayni olmadigi unutulmamalidir. Genellikle es zamanli diferansiyel denklemler
olarak muamele edilen f(x, y) ¢c6zimi olan (x (t), y (t)), t cinsinden parametrik olarak elde edilir.



Denge durum noktalari ve faz duzlemleri

* X —8xx =0 diferansiyel f(x,y) =8xy olur. f(x, Matlab Yazilim kodu: \;\ \\L/ y
0) = 0 oldugundan, x eksenindeki her nokta bir clear all \\ 1 l

denge noktasidir. Faz yollari icin diferansiyel close all \\\ /%/
\ ’
\ e

denklem, x = linspace(-1.5,1.5,15); 4

/
/
/

y = linspace(-4,4,15);

° X =8xx [M1,M2]=size(y);
e X = y [X,Y] = meshgrid(x,y);
. u=Y,
* y=28xy for i=1:M2
J for j=1:M2
V(i,j)=-8*X(i,j) *Y(ij);
. Z—i’ = 8x, genel ¢coziim, y=4x? + C dir. e(,,é,) WYe)

end

« f(x, y) = 8xy denkleminin faz ¢éziim cizgileri figure(1), quiver(XY,UV,'r'

asagidaki sekilde verilmistir.



Denge durum noktalari ve faz duzlemleri

e ¥ —4x +40x =0 Matlab Yazilim Kodu: / R
. . clear all [ A

diferansiyel f(x, y) = 4y-40x dose all [ 1N\
olur. f(X, O) =0 olduéundan, x = linspace(-1,1,20); - : : ii‘ | : |
x eksenindeki her nokta bir y = linspace(-4,4,20); Ny
denge noktasidir. Faz yollari [M1,M2]=size(y); ¥/ /
icin diferansiyel denklem, B‘Z ]Y_= meshgrid(x,y);

* f(x, y) =4y-40x denkleminin for i=1:M2
faz cozim cizgileri asagidaki forj=1:M2 B
sekilde verilmistir. Z%F-‘lo*x(',J)+4*Y(I,J);

end

figure(1), quiver(X,Y,U,F,'r")



Belirsizlik

Bir f fonksiyonunun konvekslikten konkavliga veya konkavliktan konvekslige gectigi ve
fonksiyonunun stirekli oldugu noktaya donum (btkim) noktasi adi verilir.

E Belirsizlik Hali
U 1 1

Bu belirsizlik halinde de " Hospital Kurali gecerlidir. Zira — =— —:— biciminde vazilabilir. Bu
1? (. ¥}

durumda — belirsizligi 0 belirsizlige doéniistir.
- =



0.c Belirsizlik Hali

u. v —

f . . vwn O oo . . . -
esithigl vardinuyla 0.20 belirsizligi 5 veva — haline getirilebilir.
e ]

w:||-|:

w-oo Belirsizlik Hali

Bu belirsizlik hali. 4t — v = —5— esitlig vardimyla 5 belirsizlik haline déntistiirebilir.

0°,2c°,1* Belirsizlik Halleri

x sonlu bir degere veya +oo degerlerine yaklastizinda v = [u(x)]”™*) bicimindeki fonksiyonlar bu
belirsizlik hallerinden birini verebilir. Bu durumda her iki tarafin logaritmasi alinarak

Inv = v(x)In u(x)

esitligi elde edilir. Sagdaki ifadenin limiti. 0.o0 belirsizligine sahip olur. Bu linuti bilinen yolla
hesaplanir.

limlny = A ise limy = e? olur.
X— X—a



Numerical Integration and Differentiation of a Polynomial

clear all; close all y :2*t3+3*t2-2*t-5
35¢ : : : : : :
M=41, s=(M-1)/20;
for i=1:M, t(i)=-s+(i-1)*0.1; end 30
% y(t)=2*tA3+3*t"2-2*t-5 25
P=[23-2-5]; 20
—~ 15
P=[23-2-5]; <
> 10
Q = polyder(P)
| = polyint(P,1) 5
figure, plot(t,polyval(Pt),'b’, t,polyval(Q,t),'r") 0
title("\fontsize{20}\bf y =2*t*{3}+3*t*{2}-2*t-5','Color’,'b") ~
xlabel('t','FontSize', 20) -
ylabel('y(t)','FontSize’, 20) 10t L
grid on -2 1.5 1 0.5 0 0.5 1 1.5 2



Symbolic Derivative - Integral

clear all,

close all

syms f(t),t

f(t) = 2*t"3+3*tN2-2*t-5;
df = diff(f,t)

f1 = int(df,t)

df(t) = 6%tA2 + 6%t - 2
f1(t) =t*(2*tA2 + 3*t - 2)



“Fonksiyonlar”



Dogrusal Modeller

* y'nin x'in dogrusal bir fonksiyonu oldugunu soéyledigimizde, = 2

fonksiyonun grafiginin bir dogru oldugunu kastediyoruz.

*  Boylece, bir dogrunun denkleminin egim-kesme noktasi formunu © /
asagidaki fonksiyon icin bir formEI)yazmak icin kullanabiliriz: 2
V= T (X)=mx -+ /

burada m, dogrunun egimi ve b, y kesme noktasidir.

* Dogrusal fonksiyonlarin karakteristik bir 6zelligi, sabit bir oranda
buyumeleridir. X £ (x) 3x

N

«  Ornegin, sekilde, f (x) = 3x - 2 dogrusal fonksiyonunun bir grafigi ve
ornek degerler tablosu verilmistir.

* 3 degerigrafiginin egimi, y'nin x'e gore degisim orani olarak
yorumlanabilir.

X degeri 0.1 arttiginda, f (x) degerinin 0.3 arttigina dikkat edin.

*  Yani, f(x), x'in G¢ kati hizl artar.

Pt et ek et e e

N B WN -

N I N I
N




Dogrusal Modeller

Kuru hava yukari dogru hareket ettikce genisler ve sogur. Zemin sicakhgi 20 ° C
ve 1 km yukseklikteki sicaklik 10 ° Cise, dogrusal bir modelin uygun oldugunu Ll
varsayarak sicakhgi T (° C cinsinden) yuksekligin (kilometre cinsinden) bir
fonksiyonu olarak ifade edin. Fonksiyonun grafigini cizin. EEim neyi temsil

—10A + 20
ediyor? 2.5 km yukseklikte sicaklik nedir?
T, h'nin dogrusal bir fonksiyonu oldugunu varsaydigimizicin, T=mh + b :
yazabiliriz. 3

h =0, yani 20 = m*0+b oldugunda, y kesme noktasi b = 20'dir. Ayrica, h=1 +
oldugunda T = 10, m=-10 olur.

Gerekli dogrusal fonksiyon T =-10h + 20'dir.
EGimm=-10"°C/ km'dir.

Bu, yukseklige gore sicaklik degisim oranini temsil eder.

h = 2,5 km yukseklikte sicaklik: T=-10(2,5) + 20 =-5 ° C'dir.

Y



Deneysel Model ( Empirical Model )

Bir modeli formule etmemize yardimci olacak fiziksel bir yasa veya ilke ya da matematiksel bir denklem yoksa,
deneysel bir model olusturulur.

Deneysel Model tamamen toplanan verilere dayanmaktadir. Veri noktalarinin temel egilimini yakalamasi
anlaminda verilere "uyan" bir egri aranir.

Ornek: Tablo, 1980'den 2002'ye kadar Mauna Loa Gdzlemevi'nde milyonda parca olarak dlciilen atmosferdeki
ortalama karbondioksit (CO2) seviyesini listelemektedir. CO2 seviyesi icin bir model bulmak icin verileri
kullanin. Lineer model olusturun.

Sekilde gosterilen dagilim grafigini yapmak icin tablodaki verileri kullaniriz. Grafikte t zamani (yil olarak) ve C, CO2

cNn\InNniIncini Imnl\lnnrl'\ NnAarrm~nN nnm\ +Qm(;|| eder.

C4 . CO:- level CO: level
=Ly Year (in ppm) Year (in ppm)
_— 1980 338.7 1992 356.4

1982 341.1 1904 358.9

250 1984 344 .4 1996 362.6

1986 347.2 1908 366.6

an 1988 351.5 2000 369.4

T . . 4 . , _, ,_ 1990 354.2 2002 372.9
153500 1985 1500 1995 200K f

Scatter plot for the average CO, level



Dogrusal Modeller

Notice that the data points appear to lie close to a straight line.
— So, in this case, it’s natural to choose a linear model.

However, there are many possible lines that approximate these data points.
— So, which one should we use?

One possibility is the line that passes through the first and last data points.

The slope of this line is:

372.9-338.7 34.2
2002 —1980 22

~1.5545



Dogrusal Modeller

e The equation of the line is: C-338.7 = 1.55(t-1980) or C=1.55t-2739
 This equation gives one possible linear model for the CO2 level. It is graphed in the figure.

 Although our model fits the data reasonably well, it gives values higher than most of the
actual CO2 levels.

A better linear model is obtained by a procedure from statistics called linear regression.

 If we use a graphing calculator, we enter the data from the table into the data editor and
choose the linear regression command.

 With Maple, we use the fit[leastsquare] command in the stats package.
 With Mathematica, we use the Fit command.



Dogrusal Modeller

The machine gives the slope and y-intercept of the regression line as:
m = 1.55 b =-2734

So, our least squares model for the level CO,is: C=1.55t-2734

In the figure, we graph the regression line as well as the data points.

Comparing with the earlier figure, we see that it gives a better fit than

our previous linear model.

A
370 + /,/
360 + o =3

350 + /

1980 1985 1990 1995 2000 ’




Dogrusal Modeller

Use the linear model given by Equation 2 to estimate the average CO, level for 1987 and to predict the
level for 2010.

— According to this model, when will the CO, level exceed
400 parts per million?

— Using Equation 2 with t = 1987, we estimate that the
average CO, level in 1987 was: C(1987) = (1.55)(1987) —
2734

— This is an example of interpolation—as we have estimated a value between
observed values.

— In fact, the Mauna Loa Observatory reported that
the average CO, level in 1987 was 348.93 ppm.

— So, our estimate is quite accurate.



Dogrusal Modeller

With t = 2010, we get:
C(2010) =(1.55)(2010) - 2734 384.81

So, we predict that the average CO, level in
2010 will be 384.8 ppm.

— This is an example of extrapolation—as we have predicted a value outside
the region of observations.

— Thus, we are far less certain about the accuracy
of our prediction.



Dogrusal Modeller

Using Equation 2, we see that the CO, level
exceeds 400 ppm when:.55192t — 2734.55 > 400

Solving this inequality, we get; - 3134.55 _ ;519 79
1.55192

— Thus, we predict that the CO, level
will exceed 400 ppm by 2019.

— This prediction is somewhat risky—as it involves
a time quite remote from our observations.



Polynomials

A function P is called a polynomial if  P(x) = anxn + an-1xn-1 + ... + a2x2 + alx + a0

where n is a nonnegative integer and the numbers a0, al, a2, ..., an are constants called the
coefficients of the polynomial.

o
The domain of any polynomial is

If the leading coefficient a, > Qhen the degree of the polynomial is n.
— For example, the function

= (—oo, oo)

P(x) =2x° — x* +§x3 + 2

is a polynomial of degree 6.



Polynomials

A polynomial of degree 1 is of the form P(x) = mx + b. So, it is a linear function.

* A polynomial of degree 2 is of the form P(x) =ax2 + bx + c. It is called a
qguadratic function.

* |ts graph is always a parabola obtained by shifting the parabola y = x2. The
parabola opens upward if a > 0 and
downward if a < 0.

VA
VA
>
1 q
: . 1 x
0 , X / \

@A) y=x*+x+1 (b) y=—2x%2+ 3x+1




A polynomial of degree 3 is of the form

P(x) =ax® +bx® +cx+d (a=0)

It is called a cubic function. 7 5 ;




POLYNOMIALS
We will see later why these three graphs

have these shapes.
Polynomials are commonly used to model various quantities that occur in the

natural and social sciences.

/\]\/ \ %1 / 20+
1

(b) y=x"—3x"+4tx (c) y=3x>— 25x>+ 60x

=Y

&
O
=Y

(A) y=x"—a-11

® Thomson Higher Education



POLYNOMIALS

A ball is dropped from the upper observation deck of the CN Tower—450 m above the
ground—and its height h above the ground is recorded at 1-second intervals.

— Find a model to fit the data and use the model to predict the time at which the ball hits
the ground.

Time Height

F1 A (seconds) (meters)

O 450
I 145
431
408
-+ 375

P 0 KD |

400 -

w N

200 A

279
216

S 143
7 O 61

O



POLYNOMIALS

« We draw a scatter plot of the data. We observe that a linear model is inappropriate.

* However, it looks as if the data points might lie on a parabola. So, we try a quadratic
model instead.

* Using a graphing calculator or computer algebra system (which uses the least squares
method), we obtain the following quadratic model = 449.36 + 0.96t - 4.90t?

* We plot the graph of Equation 3 together with the data points. We see that the quadratic
model gives a very good fit.



POLYNOMIALS

The ball hits the ground when h =0. So, we solve the quadratic equation -4.90t2 + 0.96t +
449.36 =0

The quadratic formula gives o p

400 1

. _ —0.96= \/(0.96)2 — 4(—4.90)(449.36) ﬂ_

23997

0 2 4 6

— The positive root is

— So, we predict the ball will hit the ground after about
9.7 seconds.

-



POWER FUNCTIONS

A function of the form f(x) = x, where a is constant, is called a power function.
a = n, where n is a positive integer

— The graphs of f(x) =x" forn=1, 2, 3, 4, and 5 are shown.
— These are polynomials with only one term.

— We already know the shape of the graphs of y = x (a line through
the origin with slope 1) and y = x? (a parabola).

y =2 y X y = x° y e
VA VoA . VA VA ’ VA :
» N : : :
1 / 1 I+ 1 I+
t - S B $ - e $ - S B i B
/ 0 I \ 0 I \ / 5] 1 x 0 1 \ [ 0 1 X







CASE

The general shape of the graph of f(x) = x" depends on whether n is even or odd.
If n is even, then f(x) = x"is an even function, and its graph is similar to the parabola y = x°.
If n is odd, then f(x) = x"is an odd function, and its graph is similar to that of y = x3.

However, notice from the figure that, as n increases, the graph of y = x” becomes flatter near

0 and steeper when |x| = 1. If x is small, then x2is smaller, x3 is even smaller, x*is smaller
still, and so on.

~Y

O




CASE

a =1/n, where n is a positive integer
f(x)=x"" =Ux
— The function f (x) =~/x isaroot function.

— Forn=2,itisthe square root function [O,20) |, whose domain is and whose
graph is
the upper half of the parabola x = y~.

— For other even values

of n, the graph of y = U/ x A
y = Jdssimilar to
that of : &

=Y




CASE

3/
For n = 3, we have the cube root function f (X) — X

whose domainis (recall that every
real number has a cube root) and whose
graph is shown.
— The graph of Y — Ux for n odd (n > 3) is similar
to thatof y = 3/x .

_}’ A

(L1

(b) f(x)=3/x



— The graph of the reciprocal function f(x) = x* = 1/x is shown.
— Its graph has the equation y = 1/x, or xy = 1.

— Itis a hyperbola with the coordinate axes as its asymptotes.




CASE

This function arises in physics and chemistry in connection with Boyle’s Law, which states that,
when the temperature is constant, the volume V of a gas is inversely proportional to the
pressure P. V=C/P

where Cis a constant. So, the graph of V as a function of P has the same general shape as the
right half of the previous figure.

vV A




RATIONAL FUNCTIONS

P()

A rational function f is a ratio of two polynomials f(x) = 0(x)

where P and Q are polynomials. The domain consists of all values of x
such that Q(x)+0.

A simple example of a rational function is the function f(x) = 1/x, whose domain is {x|x # 0}.
This is the reciprocal function graphed in the figure.




RATIONAL FUNCTIONS

2X* —x® +1
X — 4
is a rational function with domain {x | x = +2}

The function f(x) =

N

:__J.N-________
=Y




ALGEBRAIC FUNCTIONS

A function f is called an algebraic function if it can be constructed using algebraic operations—
such as addition, subtraction, multiplication, division, and taking roots—starting with
polynomials.

Any rational function is automatically an algebraic function.
Here are two more examples:

f(x)=~/x%+1

4 _16x7

X+ /X

g(x) > - (X — 2)3/x +1



ALGEBRAIC FUNCTIONS

An example of an algebraic function occurs in the theory of relativity.
— The mass of a particle with velocity v is

Vi
‘\/1 >
C

where m, is the rest mass of the particle and ¢ = 3.0 x 10> km/s is the
speed of light in a vacuum.

m — f (v) —




TRIGONOMETRIC FUNCTIONS

In calculus, the convention is that radian measure is always used (except when

otherwise indicated).
— For example, when we use the function f(x) = sin x, it is understood that
sin x means the sine of the angle whose radian measure is x.

— Thus, the graphs of the sine and cosine functions are as shown
in the figure.

(b) g{x)=cos x



TRIGONOMETRIC FUNCTIONS

* Also, the zeros of the sine function occur at the integer multiples of m. That is, sinx=0
when x = nrit, n an integer.

 Animportant property of the sine and cosine functions is that they are periodic functions

and have a period 2mt. This means that, for all values of x, sin(x + 2m)= sin(x), cos(x + 2m)=
cos(x).

* Notice that, for both the sine and cosine functions, the domain is (—o0, ©) and the range is
the closed interval [-1, 1]. Thus, for all values of x, we have: -1 < sin(x) <1, -1 < cos(x) <
1. In terms of absolute values, it is: |sin(x) < 1|, |cos(x) < 1].



TRIGONOMETRIC FUNCTIONS

The periodic nature of these functions makes them suitable for modeling repetitive
phenomena such as tides, vibrating springs, and sound waves.

For instance, in Example 4 in Section 1.3, we will see that a reasonable model for the number
of hours of daylight in Philadelphia t days after January 1 is given by the function:

| 271
L(t) =12+ 2.8sin| — (t — 80
(t) 365( )




TRIGONOMETRIC FUNCTIONS

The tangent function is related to the sine and cosine functions by the equation tan(x) =
sin(x)

cos(Xx)
3T
27

Its range is (—oo, ) . Notice that the tangent m function has period: tan(x+m ) = tan(x ) for
all x.

The tangent function is undefined whenever cos x = 0, that is, when x = + g, +

The remaining three trigonometric functions—cosecant, secant, and cotangent—are the
reciprocals of the sine, cosine, and tangent functions. [ X9
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EXPONENTIAL FUNCTIONS
The exponential functions are the functions of the form f(x)=a*, where the base a is a positive
constant.
— The graphs of y = 2¥ and y = (0.5)* are shown.
— In both cases, the domain is (—oo, ) and the range is (0, ).

— We will see that they are useful for modeling many natural phenomena—such as
population growth (if a > 1) and radioactive decay (if a < 1).

— The logarithmic functions f(x) = log, x, where the base a is a positive constant, are
the inverse functions of the exponential functions.

¥ A VA

— o =S

O 1 0 | X

“y

(@) y=2* (b) ¥y = (0.5)"



LOGARITHMIC FUNCTIONS
The figure shows the graphs of four logarithmic functions with various bases.

— In each case, the domain is (0, ), the range i (—o0, 00), and the function
increases slowly when x > 1.




TRANSCENDENTAL FUNCTIONS

Classify the following functions as one of the types of functions that we have discussed.
 f(x) =5* is an exponential function. The x is the exponent

* ¢g(x) =xis a power function. The x is the base. We could also consider it to be a polynomial of degree
5.

e u(t)=1-t+5t* is a polynomial of degree 4.
This is an algebraic function.

1+ X

1—/x

Transandantal fonksiyonlar cebirsel olmayan fonksiyonlardir.

h(X) =

*  Bufonksiyonlarin kiimesi, trigonometrik, ters trigonometrik, Gstel ve logaritmik fonksiyonlari icerir.
Bununla birlikte, daha 6nce hic¢ adlandiriimamis ¢ok sayida baska islevi de icerir.



Ozumin ugrasisi bir kivilcim gakmaktir.

Sorular?

Contact me at:
cahitkarakus@gmail.com
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