
Petroleum Systems Control Engineering Calculus II (Second Class)

Example:-

Find the response of the mass - spring - damper system under a unit impulse (Dirac delta

function) attime t : L.Let m : 1 kg, c : 3 andk:2

Solution

The equation of motion in this case becomes

that initial conditions: 0

Taking L.T of both sides of differential equation

y" (t) + 3y'(t) + zy(t) = d(t - 1) Note
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(st + 3s + z)Y(s) = e-s +

r(s) = (#-#J"*
By corollary 2 the y(t) = L. T-1y(s) is

Problems

Find the L.T of each of the following functions:

l -  u( t  -  a)

P-s  e - sr r l - \ _ - = -
I  \v ' l  s2+3s +2 (s+1)(s+2)

zsd.s =-;  #l ;

Page 6



Petroleum Systems Control Engineering

2- u(t - e-t)

3- tzu(t - 2)

4- cos tu(t - L) I

s- f  ( t)  = f i l '  l : . ' r ' "
( t  0 < t < 26 -  ( r ) : t i  z < t

7- The function graphed in Figure (1)
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8- The function graphed in Figure (2)

Figure (2)
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Power Series :-

we shall examine sequences and series where the n-th term is a function of un(x)' For example

uo(x) = I,  ut(x) = x,uz(x) -- x2,.." 'un(x) = xn ,thenthesequences {u^(x)} = {x"}

converges to zero, if -1 < x 1! ; ,tnrr.rg., to I if x : 1; and diverges elsewhere' When we

connect these terms with plus signs' we get the :

S1 .

)  x "  =  L  *  x  +  xz  +  x3  +  " '+  xn  *  " ' ,
L
n=0

Which it is converg.r to fr if lxl < 1 and diverges otherwise.

function on (-1 ,1), whether we known a closed formula fot\xn

Tavlor Polvnomials

Every function / tha$is dd *in u neighborhood of x = 0 and has finite derivatives

f , , f , , , . . . . f (n)at=0,g"n.r#polynomialspo(x),pt(x) ,pr(x) , . . . ,pn(x)thatapproximatethe

given functi r) f5 value of x near x = 0. The approximations usually get better as the

mial increases.

idl ppbe
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We say thaffigffiS

"ffi e#w

Pn@)

Where of, or, cL2,...&kare coefficients. We focus our attention on apportion of the curve

y = f (x),which intersection at point A(0,/(0)), as shown in fig'
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a l I d . $ . s

We must find the constants cLs,&1to2t "'tak to approximate /(x)hs fol

pi'@) = f"'(o)
pi"(o) = f""(o)

Calculus II (Second Class)

f "" (0) f 
'tt'

24 4!

ffiwv
ffiryw

Plutk -- 4

:' P+(x) =

pL(x): at

pi@) -

p'i'(x) =

Pr'ii =
Putting x = 0,

as * a1x * a2xz * asx3 * aaxa ------------r%.--ry--- (1)

* 2a2x * 3asxz * 4aax3

turow' fuw)=f(o),

ffiWi(o)=/'(o)
W pi@) = f"(o)

, 4 t = T

Thus. sub. Above values into eq. (*)

px.,)= /(0) *f+. *f "!o)'*' *f+.' *f "'!(.0) xa + "' f 
r!l) 

*

Which it is called the k-th order, Taylor Polynomial generated by f at x = 0

p*t+x+$'*"$

l . ;y* { +;t +t' '.
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Example:- Find the Taylor polynomial s Pn(x) generated by f (x) = ex at x -- 0

Solution:- The given function and its derivative are'

f  (x)  = e*  ,  f  
' (x )  =.  €x,  . . . . ,1(n)(16)  = ex

S o / ( 0 )  = e x  = ! ,

f ' (o)  = L,

1(n)1g) = 1
*  - 2  x 3 ,  , x n4 r ^ r ^ r 'p n = L  + f  +  z t +  3 ; + " ' t A

1# ... ------------- (7)

exatx -- 0

xn

"l

* n  * . . . =  Y
nt 

' 
/-t
n=O

+  . . . +w3
3 !

Maclaurin Series:- 
& red

tf k -r oo The Taylor Polynimial will be + Maclaurtffitb"

+ The Maclaurian Series generated by / ffifu;F

/(0) + t+, I r"9)-xa' I r!!!-9-x6t - . -j#

Example:- Find the Maclaurian

Example:- Find the

Solution:-

P u t t i n g x - 0 +

e x = t

generated by cos x at x -- 0.

f  (x)  = cosx , f ' (x)  = -s inx

f " (x )  =  -  cos  x , f " ' ( x ) :  s inx

f ,""(x)  = cos x ,  f (s)Qs) = -s inr

,

fr"(x) = (-1)" cos x , 1Qn+t) (x.) : (-1)n+1 sin x

f2"(0) = {-1)" ,7Qn+7) - g

x z  x 4  x 6  S .  . - -  x z n
cosr = r  - ;+i-  

u + " '  = Ler)  en);
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