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Let
X1(t)=Cos(wl1*t);
then

Y1(t)=|H(jwl)|Cos(wl*t — wl*d1);
Where d1 is the slope of the phase response at w=w1;

Similarly

Y2(t)=|H(jw2)|Cos(w2*t — w2*d2);
Where d2 is the slope of the phase response at w=w2;

And if

X(t)=X1(t)+X2(t)=Cos(w1*t) + cos(w2*t);
> (1)

then by Linearity,

Y (t)=|H(jw1)|Cos(wl*t — wi*dl) + [H(jw2)|Cos(w2*t — w2*d2);
>(2)

Now, we assume, for a known bandwidth of frequency |[H(jw)|=1,
i.e, for Wel<wil<w2<Wc2,

Where Wecl is the lower cutoff frequency Wc2 is the upper cutoff frequency
Bandwidth of system = Wc2 — Wcl;

then Eqn(2)=>

Y (t)=Cos(wl*t - wi*d1) + Cos(w2*t - w2*d2);

>(3)



Let ‘d‘ be the value such that

Y(0)=X(t - d); >(4)

Egn(l) =>

X(t = d)=Cos(wl*t wl*d) + Cos(w2*t —w2*d); > (5)
Comparing Eqn(3) & Eqgn(5), the condition (4) is satisfied
‘if and only if*

" d1=d2=d " > (6)

But in general, if the input signal is the summation of different frequency components,
then

condition (6) =>

‘ d1=d2=d3=d4=.....=d > (7)

The condition (7) implies , at every point of frequency in the phase response of a
system

with in the specified bandwidth of frequency , the slope of the phase response
should be

constant which implies the phase response should be * LINEAR “.
Finally, we can conclude that "If the system has linear phase response and unit
frequency
response then Whatever may be the input signal, the delay in the output w.r.t.

input signal isalways constant and isequal to dope(d) of the phase response of the
system.



