Petroleum Systems Control Engineering 2024-20525 Calculus II (Second Class)
Second Semester

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

function) at time t = 1. Letm=1kg,c=3andk= 2
Solution '

The equation of motion in this case becomes y"'(t) + 3y’ (t) + 2y(t) = 6(t — 1) Note
that initial conditions = 0

Taking L.T of both sides of differential equation

-S e—S

2 =eS = o
(s2+3s +2)Y(s)=e = Y(s) = 243542 (+D(G+2)
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r =
By corollary 2 the y(t) = L.T'Y(s) is
y(t) = e"E Dyt — 1) — e~ 2 Vu(t — 1)

o 0 0<t<1
YiE) = {e—(t—l) — e—2(t-1) Lf £21

s+2
(s2+4s+5)2

Example:- What is y(t) if Y (s) =

Solution

s24+4s+5+4—4 +1=(s+2)?%+1

so Y(s) can be written as

LTt of {Y(s)}

{f(t)} LT% off d)(s)ds

[ee]

; f ¢(S)dS——f [s2 +1]225ds——— .
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Problems

Find the L.T of each of the following functions:
1- u(t—a)

%
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8- The function graphed in Figure (2)
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The function graphed in Figure (1)
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Power Series :-

We shall examine sequences and series where the n-th term is a function of uy, (x). For example
up(x) =1, uyy(x) =x ) = %2, ool () = x™ ; thien the sequences {u, (x)} = {x"}
converges to zero, if —1 <x < 1;convergesto 1 ifx = 1; and diverges elsewhere. When we

connect these terms with plus signs, we get the :

co

Zx“=1+x+x2+x3+---+x"+---,

n=0

Which it is converges to 1—:? if |x| < 1 and diverges otherwise. We say that

function on (-1 ,1), whether we known a closed formula for }; x™

Formal Power Series :-

If we have the following series

oo
a, x" = ag + a;x + axx? + F o+ =,
n=0
This called formal power series
a,, = are constant (independent of x)

x = is a variable whose domain af tf ; y be any set of real number.

Taylor Polynomials

Every function f tha is d ina neighborhood of x = 0 and has finite derivatives
FLf" e f® at =0, generat

given function f€x) for value of x near x = 0. The approximations usually get better as the

e polynomials po (x), p1 (), P2 (x), .., P (%) that approximate the

i (%) + a;x + azx® + -+ T *)

Where ag, @4, dg, - Gk are coefficients. We focus our attention on apportion of the curve

y = f(x), which intersection at point A(O, 7 (O)), as shown in fig.
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20 = explnd
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We must find the constants ag, ay, dz, .-, @y t0 approximate f x), WS-

Putk =4

n pa(X) = ag + ay x + azx? + azx® + agx?

ph(x) = ay + 2ax + 3azx? + 4aux’ )
pl(x) = +2ap + 6azx +12a,x° B - om o 3)
py (x) = +6as + 24a,x ------------ . T S——— @)
PG = +24 a, (5)

Putting x = 0, 1 ) = f(0),
p4(0) = f'(0)
s (0) = f"(0)
pi'(0) = f(0)
pi"(0) = f""(0)
And solving tlig abovegequations for ag, a1, az, a3, As, We obtain,
A e e (N e
2 ¢ 6 g 24 41

(O), Az =

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

4 W L ner » k
pe(x) = f(0) + ! 1(!0) x + ! 2(!0)'x2 + ! 350) x3 + f 4!(0) L T f——k(!o) x*

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

M
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Example:- Find the Taylor polynomials py (x) generated by f(x) =e*atx =0
Solution:- The given function and its derivative are.

Fx) = e, f'(x) = €%, ..., f™(x) = e*

Sof(0)=e*=1, l

f'=1,
’ = My = 00
3 %*yw*?‘x{x‘j
f®@©) =1

N2 S el
Pn = 1+—+—+ = +W+H

Maclaurin Series :-

If k — oo The Taylor Polynimial will be = Maclauriag

= The Maclaurian Series generated by f

0 "o 1" (n g
f(0)+f() fz(l)z_*_f ()3+ +f ................ @)

Example:- Find the Maclaurian Series

Example:- Find the l\é generated by cosx at x = 0.

Solution:-
f(x) =cosx J (%) = —sinx
f'"(x) =—cosx,f"(x) =sinx

F""(x) = cosx , f®(x) = —sinx

9

fAr(x) = (-D"cosx , fEMI(x) = (—1)"**sinx
Puttingx = 0 = )y = =1 , ) =g

x? x*

cosx=1—a+7}-!-——+ Z( 1)”(2n)|

M
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