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Example 9

Consider the following linear differential equation
with constant coefficients (and null initial conditions):

dy(t) _ o
dt dt?

d*x(t) I jda?(t)
dt

Find the Laplace Transform, H(s), and the FT, H(w),
of the impulse response h(t) of the LTI system.
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Let us do with Laplace, first,

(1 —4)s°Y(s) +3sY(s) =35°X(s) + jsX(s)

This Is the solution
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Y (s) 35% + js

Hs) = X (s) B (1 —j)s% + 3s

With Fourier, we set sigma=0,

) = Y@ _ 3G9 +5Ge)

X(w)  (1=7)(jw)’ +3(jw)

This Is already the solution
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With Fourier, we set sigma=0, H (w)

B 3j2w2 j2w
H(w) = 5—=—73 -
1°W?° — 1w + Jjw
—3w?® —w
Hw)= ————
—Jw?® — w? + JJw
H (w) = —w(3w + 1)

—w3(j + 1) + 3jw

H(w)

the same solution
In different forms

w(3w + 1)

B w3 (7 4+ 1) — 3w
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lution

the same so

w(gw : 1230 W in different forms
w1 for w £ 0

H(w) =




Example 10

Consider the following generic linear differential equation
with constant coefficients (and null initial conditions):

3

dmz (t) Hay que tener en cuenta las

d*y(t) ue tener e
Zak dtk — Z bm dtm ; |

Find the Laplace Transform, H(s), and the FT, H(w),
of the impulse response h(t) of the LTI system.
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T. LAPLACE (BILATERA): (Si las condiciones iniciales son nulas, es lo mismo
bilatera o unilatera)

N M
ZakskY(s) = Z bins™ X (s)
k=0 m=0

N M
Z ars” | Y(s) = Z bms | X(s)
k=0 m=0
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T. LAPLACE (BILATERA):

N M
ZakskY(s) = Z bns" X (s)
k=0 m=0

(Z aksk) Y(s) = (Z bmsm) X (s)

Y(s) SN bms™

H(S) — X(S) - Zgzo akSk
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Consider the following Laplace Transform, H(s), of the impulse response h(t)
of an LTI system:

Hs) = o5

Find the corresponding differential equation representing the LTI system.
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dy(t)

dy(t)

dt?

o Tylt) =

This is the solution
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Consider the following FT, H(w), of the impulse response h(t)
of an LTI system:

W — D
w? —w+1

H(w) =

Find the corresponding differential equation representing the LTI system.
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)Y (@) = (@)Y (@) + Y (@) = ()X (@) = 5X ()

—(jw)?Y (w) + j(jw)Y (w) + Y (w) = —j(jw) X (w) — 5X (w)

d*y(t) dy(t)
a2 T

This Is the solution

+y(t) = - 'd”;f) 52(1)
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Conpute the stand. FT of the signal:

x(t) = e 3t sin(2¢)
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By the definition of Stand. FT-:

X(w) = / e 31t gin(2t)e 7« dt

— OO

e 0
— / e 2 sin(2t)e 7wt dt —I—/ ! sin(2t)e ¥ dt
0
X1 (w) XQ(W)

let focus of
this first integral

X(w) = X1 (w) + Xa(w)
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o
8
H

/ e ! sin(2t)e 7« dt
0

Xl (w> __ 6—315 _.(62]15 o 6—2]15) e—jwtdt
2
0 L <]

1 [~ » 1 [°° .
X (w) = ?/ o(—3+7(2—w))t 1y 5 / o(—3—3(2+w))t 4
J Jo J Jo
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W))tdt

| . 1 [
Xi(w) = o / Iy L / (~3-4(2
J Jo 7 Jo
X, (w) 1 1 1 1
W) =— | . .
: 2] —=34+72—-—w) 27-3—7(w+2)
X, (w) 1 | 1 1
W) = —
1 2) 13—+ jw  3+jw+2
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with similar steps, it is possible to show:

1] 1 1
25 13-2—jw 3—jw+25

XQ(CU)

...and finally:

X(w) = X1(w) + Xa(w)
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Considere la respuesta de un sistema LT] con respuesta al impulso
h(e) = e "u(r), a=>0,
a la schal de entrada

x(f) = e Pult), b>0.

Compute the FT of the output of the system, Y(w).
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En lugar de calcular y(!) = x(t) + h(t) directamente, transformemos el problema en el
dominio de la frecuencia. Del ejemplo 4.1, las transformadas de Fourier de x(1) y (1) son

X(Cd) B b :jw
y
N |
H(w)=a + jo
Por tanto, |
Y (w)=- .

(a + jw)(b + jw)

This Is the solution
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Sea s(f) una sefial cuyo espectro S (w) se ha trazado en la figura

Then, also consider the following signal: p(t) — COS(th)

Find the FT of the signal r(t)=s(t)p(t)
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The GFT of p(t):
Po(w) = m0(w + wo) + mo(w — wo)
] Pa(w) )

and using the property:
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and using the property:

r(t) = s(t)p(t) <= 5~ [S(w) * Po(w)
R(w) = 5-[S(w) * Po(w)
AQ+

LY wp o
(“‘"o = ) (‘% + ) (@o ~ ) (No + wnl



Questions?



