Supplement: Instantaneous
frequency



Instantaneous Frequency

Treat cos(2mf,t)
\
Angle (degree)
Phase (rat10)
as a projection of e/27/ct
onto the x-axis.
1 d(2rf.t)

fi(t) = T dt fe

Example. f, = 10 Hz
10 circulations per second

2rfet ||
-+ cos(2mf.t) I«
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Instantaneous Frequency

Treat Cos(anb(t)) fi(t,) = Z%Hz f.(t;) = 10 Hz
Phase (rat10) o

as a projection of e/27¢ (%)
onto the x-axis

2mp(t) | |
-+ cos(2mp(t)) I+

1 d(2 t
0 = - 200

= ¢'(t)
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By this interpretation, f,(t;) = 10 Hz
cos(2m¢(t)) and %

r(t) cos(2m¢ (t)) should
have the same
instantaneous frequency.

1 d(2rp(t)) Y
2T dt =¢'()

fi(t) =

This explains why we add a
limiter in the FM
demodulation process.

v(¢)| Baseband

x()
: Fl\l/l Baf{llcipass » Limiter Discriminator lowpass — O.u tpult
signal s(7) 1ter filter signa

| Remove 7 (t)
Noise w(¥)

\ 4
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By this interpretation, f,(t,) = 10 Hz
cos(2m¢(t)) and %,

e/27? () should have the -
same 1nstantaneous

frequency.

_1d@Eme@) + cos(2mp(1)) -
fild) = 5= = /(D) \ ,,
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Discussion (Personal View)

Question: What i1s the

instantaneous frequency of
cos(2mt) + cos(4mnt)?
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No universally good answer.
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Discussion (Personal View)

. fi®)

Same Question: What is the

instantaneous frequency of
e]Znt _|_e]47rt ?

-+ cos(2mt)
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Derivation of Doppler Shift

Transmitter
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@ Difference in path length Y —

AL = +/(Lsin(8))2+ (Lcos(8) +v-At)2-L
= L2+ v2(At)2+2L-v-At-cos(f) - L

@ Phase change A¢ = QW(C—A/Ifj) ( = 27rwaveAleLngth)
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@ Estimated Doppler shift

A lim 1 A¢
m = |
At—0 21 At
1 . /L2+Vv2(At)2+2L-v-At-cos(h) - L
= lim
fe
= v? cos(f) = f, cos(6)

Example. v = 108 km/hour, f. =5 GHz and ¢ = 1.08 x 10°
km /hour.

= A\pm, = 500cos(f) Hz.
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