Lecture 7: Frequency & Phase
Modulation (FM & PM)

Prof. Mohammed Hawa
Electrical Engineering Department
The University of Jordan

EE423: Communication Electronics.

Angle Modulation (FM & PM)

c(t) = Acos(w.t + 6,)

©rm or pu(t) = AcosO(t)
L do(t)
w;(t) £ T

0;(t) £ 0(t) — w,.t

8(t): generalized angle of modulated signal.

w;(t): instantaneous frequency of modulated signal.

0;(t): instantaneous phase of modulated signal.
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Frequency Modulation (FM)

* The instantaneous frequency of the modulated signal
changes in proportion to the message.

@rm(t) = Acos <wct + k¢ ft m(t)dt)

t
Oy (t) = w .t + kff m(t)dt

wiFM(t) =w;t+ kfm(t)

Oy, (1) = K ft m(t)dt
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Phase Modulation (PM)

* The instantaneous phase of the modulated signal
changes in proportion to the message.

@py(t) = Acos (wct + kpm(t))
Opm (t) = wct + kym(t)

Bipy (8) = kpym(2)

" dm(t) '

w;, (t) =w.+k,—— = w, + k,m'(t)
lpm ¢ P dt ¢ p
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FM and PM Equiyalence

« FM « PM

— Constant — Constant
amplitude A amplitude A

— Constant carrier — Constant carrier
frequency w, frequency w,

— Variable — Variable
instantaneous instantaneous
frequency w; o« m(t) frequency w; o m'(t)

— Variable — Variable
instantaneous phase instantaneous phase
0; < [m(t)dt 0; < m(t)
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FM and PM Equiyalence

Frequency f m®dt Phase
m(t) Modulator or(f) m(f) = f dt ™ Modulator [ > or(t)
OR
dm(t)
Phase d dt Frequency
m(f) Modulator opu(t) m(t) —> dt Modulator H—> opm(t)

Copyright © Prof. Mohammed Hawa Electrical Engineering Department, The University of Jordan 6

4/12/2026



Example

* For the following message signal m(t) and a 100 MHz

carrier:

a) Sketch the FM modulated signal. Use k; = 21x10° rad /s/ V.

b) Sketch the PM modulated signal. Use k, = 5t rad/V.
c) Find Af for both modulated signals.

m(t) ! 200 ps !
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Solution: FM

m(f) 200 ps
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m'(f) 200 ps

80,000 —

ov i

-80,000

~ PV RL

NS /N AN —

max min max min
Copyright © Prof. Mohammed Hawa Electrical Engineering Department, The University of Jordan 9

FMys, PM

R
LS

Bl
I
VRV Y

Copyright © Prof. Mohammed Hawa Electrical Engineering Department, The University of Jordan 10

4/12/2026



Peak Frequency Devyiation

* For FM:
N Jmax — fmin _ kf m(t)max - m(t)min
Af o imex smin S
2 21 2
kr
Af = L xmOpicpe [Hz]
* For PM:
N fmax — fmin _ kp M (Omax — M (O min
Af & imax min _ 7P o
2 21 2
_ kp 1
Af = L m O pr—pr  [Hz]
Copyright © Prof. Mohammed Hawa Electrical Engineering Department, The University of Jordan

FM and PM Bandwidth

« Mathematically speaking:
— By =00
— Bpyy =

* Practically speaking, use Carson’s Rule:
— By = 2Af + 2B = 2B(B+1)
— Bpy = 2Af + 2B = 2B(B+1)

* FM Modulation Index:
- B =Af/B
— Narrow-Band FM (NBFM) has f§ < 1 or Af K B
— Wide-Band FM (WBFM) has g > 1 or Af > B
— FM radio uses WBFM with § =5
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Applications: FM Radio

« FM + FDM

— The baseband message is 15 kHz
(voice + music).

— With B =5, the bandwidth of each FM
station is 200 kHz (both U.S. and Europe).

— The broadcast range is 88 — 108 MHz.

* FM radio sounds better than AM radio:
—m(t) has a larger bandwidth.
— WBFM: exchanging SNR for bandwidth.
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FM Superheterodyne Receiyer

* IF frequency = 10.7 MHz
* L.O. frequency = 88 + 10.7 MH to 108 + 10.7 MHz
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FM Hardware

* FM Modulator:
— VCO (Voltage-Controlled Oscillator).

* FM Demodulator:

— FM Discriminator (also called Slope Detector
or Ratio Detector).

— Quadrature Detector.
— Phase-Locked Loop.
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