Example 6.35 (Frequency response to differential equation). A LTI system with input x and output y has the frequency

response
~T10* +11jo+3
H(w) =
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Find the differential equation that characterizes this system. Since System s LTI,
Solution. From the given frequency response H, we have Yiw) = X (‘”) H L"“') =
Hw) = Y
Y(w) —T70*+11jo+3 Xiw)

X(w)  —50%+2
Multiplying both sides by (—5w? Jl 2)X(®), we have
—50°Y (0) +2Y(0) = —T0*X (0) + 11joX (0) +3X (o).
write With powers
Applying some simple algebraic manipulation yields of jw
5(j)%Y (0)+2Y (0) =7(jo)’X(0) + 11(jo)X (0) +3X (o).
Taking the inverse Fourier transform of the preceding equation, we obtain
Mm/‘m_"’“’w 5y (t) +2y(¢) = 7" (1) 4+ 11X/ (£) 4 3x(t). [ |
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