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Multiplication property



We saw that



We saw that



Examples



Example: modulation

p(t) = coswot
P(jw) = mé(w — wp) + md(w + wo)
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information preserved but shifted at higher frequencies (wg > w1)



Example: demodulation

take the same 7(t)

multiply again by p(t)
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Example: demodulation

take the same 7(t)

multiply again by p(t)
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we can recover s(t) with a lowpass filter
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Example: multiplication property

2(t) = sin(t) sin(t/2) _ (
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Systems characterized by linear constant-
coefficient differential equations
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To determine the frequency response H (jw)
we Fourier transform both sides
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dyt) o, dFa(t)
Dok =) b
k=0 k=0

To determine the frequency response H (jw)

we Fourier transform both sides
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d* y(t) M d* x(t) To determine the frequency response H (jw)
Z W=k = Z i d tk we Fourier transform both sides
k=0 k=0
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Z ar (jw)* Y (jw) = Z br (jw)® X (jw)




Examples
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Example: first-order system

dz_it) +ay(t) = x(t)

a>0
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Example: first-order system

dz—it)+ay(t):a;(t) a>0

jw Y (jw) +a ¥ (juw) = X (jw)
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Example: first-order system

dz—it)—l—ay(t):x(t) a>0

jwY(jw) +aY(juw) = X(jw)
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Example: second-order system

d? y(t)
42 di

dy(t)

+4——=+3y(t) =

dx(t)
dt

+2x(t)
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Example: second-order system

dy(t)  dy(t) dx(t)
4 ——= t) = ——=+2x(t
ap TATgy T3 =g e
H(iw) jw+ 2 jw +2 1/2 1/2
W) = = — -
J (jw)2+4jw+3 (jw+1)(jw+3) jw+1l jJw+3

h(t) = —e tu(t) + 56_3t u(t)
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now assume z(t) = e ‘u(t),

Jjw + 2
(jw)? +4jw +3

H(jw) =

what is y(t)?
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now assume x(t) = e ‘u(t),

Jw + 2

H(jw) =
) = Gay + 4juw + 3

what is y(¢)?

Y(jw) = H(jw) - X (jw) =

Jw + 2

(Jw+ 1)?2 (jw + 3)

Jw + 2 1
(jw+1)(jw+3) jw+1
_1/4 1/2 1/4
T jw+1l (jw+1)?2 jw+3
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