PROBLEM:
A linear-FM “chirp” signal is one that sweeps in frequency from w; = 27 f] to w, = 27 f, as time goes
from t = 0to t = T,. We can define the instantaneous frequency of the chirp as the derivative of the phase

of the sinusoid:
x(t) = Acos(at® + Bt + ¢) (D

where the cosine function operates on a time-varying argument
vt)=at* + Bt +¢

The derivative of the argument v (¢) is the instantaneous frequency which is also the audible frequency heard
from the chirp.

w;(t) = %I/f(l‘) radians/sec )

(a) For the linear-FM “chirp” in (1), determine formulas for the beginning instantaneous frequency (wi)
and the ending instantaneous frequency (w;) in terms of «, 8 and 7T,. For this problem, assume that
the starting time of the “chirp” is t = 0.

(b) For the “chirp” signal
(1) = % {ej2n(—33t2 +98 —0.2) }
derive a formula for the instantaneous frequency versus time.

(c) For the signal in part (b), make a plot of the instantaneous frequency (in Hz) versus time over the
range 0 <t <1 sec.

(d) (Optional part) What would happen if the instantaneous frequency were to become negative? Since
instantaneous frequency often corresponds to what we hear, would we hear negative frequency?



