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1 When input is complex exponential

When input is x [11] = %" and system is given by H (Q) then the output is y [1] = ¢%"H (Q)
which is the same as y[n] = /o |H (Q0)| el arg H(Qo)

ei%n ——pf [1(Q) e P H(Q)

Figure 1: Output when input is complex exponential

Hence when the input is linear combination of complex exponentials
A .
ACOS (Qoi’l + 6) = E (e](QO”+6) + e—](Qoi’l+6))
= éeje o/ Qon ée—je e~ 1Qon
2 2

Then, and since the system is linear, then the output will be scaled and linear sum of each
output corresponding to each term above. In other words, when the input is (geje) elon

then the output is
A 0] ,jQon jarg H(Qg)
yiln] = Eef e |H(Q0)|6’] 0

A .
— |H (QO)| Ee](QOn+9+eurgH(QO)) (1)
And when the input is (ge‘fg) e /" then the output is
A -io | ,—iQon jarg H(-Qp)
Yo[n] = ¢ 16| e |H (-Qy)| 0
A _
= |H (-Qy)| Ee—J(Qon+9—alrgH(—Qo))

But for real input, which is the case here, |H (QO)| is symmetrical. Hence |H (Q0)| = |H(—QO)|
and arg H (-Q() = —arg H(Q)) (see table 4.6 for these properties). Hence

yz[i’l] = |H (Qo)l ge—j(00n+9+argH(Qo)) (2)
Therefore, by linearity, y [n] = y; [n] + v, [1] or by adding (1) and (2)

y[n] = | H (Qo)l ? ol(Qon+0+arg H(Qo)) 4 | H (QO)| ge—j(00n+6+argH(QO))

2
= |H (QO)| Acos(Qon + 0 + arg H(Qp))

| | ol(Qon+6+arg H(Qp)) | p—j(Qon+6+arg H(Qp))
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