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3. Laplace transforms



o Time domain vs S-domain

o« ZhS A B o AHESt=7t

ssm Laplace transform

¢ Final Value Problem, Initial Value Problem

e Poles, Zeros2| E&f

Transfer functions, Time domain characteristics




Time domain vs S-domain

 LTI(linear time-invariant) Systems
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Time domain vs S-domain

 LTI(linear time-invariant) Systems
« U Al AAE - &=F0| A[ZH0] CHol BSHA| Ri=

o« A A|AH - O =0 A|ZH0]| TS O|2Tte 2 O] F
+ ex)mi + ci + kx = F(), Lo+ R+ [ Idt = V(t)
o BHE) m& + cx + kix + kyx3 = F(t)

- AP A|LH?
e Superposition!
e Convolution!



Superposition
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=y

given mx, + cx, + kx, = A(t), mx, + cxp + kx, = B(t)
mx, + cxX, + kx. = A(t) + B(t)

Xo =7



Superposition

- G A 2H IS SR

ro

=
=y

given mx, + cx, + kx, = A(t), mx, + cxp + kx, = B(t)
mx, + cxX, + kx. = A(t) + B(t)

xc=xa+xb



Superposition
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input, dirac delta in t=i
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+a : MATLAB Plotting code

s = tf('s");

impulse(1/(s+1)"2)

title('impulse response when t=0")
impulse(exp(-1*s)/(s+1)"2)
title('impulse response when t=1")
impulse(1/(s+1)"2+exp(-1*s)/(s+1)"2)
title('impulse response when t=0 & t=1")

X = [-1:0.1:4];

p = zeros(51,1);

p(11)=1;

plot(x,p)

yticks([@])

title('input, dirac delta in t=@")

X = [-1:0.1:4];

p = zeros(51,1);

p(21)=1;

plot(x,p)

yticks([@])

title('input, dirac delta in t=1")

X [-1:0.1:4];

p = zeros(51,1);

p(11)=1;

p(21)=1;

plot(x,p)

yticks([e])

title('input, dirac delta in t=0,t=1")



Time domain vs S-domain

input, dirac delta in t‘=0,t=1 Su)-‘. 8& . )

*Given 6(t) — h(t)
e 6(t—1) - h(t—1)

« AHO0[5(t) + 5(t — 1) EFH?

| _w_y 1)
hA) + hlA-<)

« A0 uy6(t) + u,6(t —7)2HH?
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Convolution
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Convolution

ubt)h

s s >t
« 0| ¥ u(kA) 6(t — kA) EFH?
* Input = fooo u(t)8(t — t)dt — Output = fooou(r)h(t —1)dt



Superposition

y(t) = foou(r)h(t —T1)dT
0
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« O™ system2| = = inputO]| CHH Sll = system 2| dirac delta function
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* Laplace!



Laplace Transform (it g, Aovdict

X(s) = fio Sty (t)dt .
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* Laplace Transform of Dirac Delta function 6(t) ( (zcem )
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 Laplace Transform of unit step function 1(t)
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Laplace Transform®| ‘3 %

o A ‘c'>'=| A—I

L(af(t) + bg(t)) =a L(f(t)) + bL(g(t))
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* t-shifting
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Laplace Transform2| ‘8 &

* t-scaling ey s | l <
+ L(f(at)) = ~FG) ig&hw*; T tor = i ESM (2w;@:)j -3 X (—5.)21-;0’-
2
* s-shifting

» L{e"fO}=F(s—a)

o L{e% cos wt}

Z(Cpsw@): S’-l-swz =) Z(e—*cosfpﬂ:) = [s%%’

« L{e% sin wt}

;{(sinw*)'-‘-?.%,; 3 l (3.2*32""’*) ) [s+:))2+'—>’



Laplace Transform2| ‘8 &

 Time-domain O| &
« L(f'(t)) = sL{f} — £ (0)
« L(f"'()) = sL{Y — f'(e) = s2L{f} — sf(0) — f'(0)

e Time-domain & &
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« f(t) piecewise B, |f(t)]| < MektQl AL
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Laplace TransformZ|

* Time product
« L(tf(D) = —%F(s)
» L(tsinwt)

d
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Laplace Transform2| /3

* Convolution

c{f, f(@g(t — Ddt} = F(5)G(s)
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Solving ODEs by Laplace transform

* System: y+ky =u < LTI
* Inputu = 6(t)
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