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Effects of nonlinearities on modulated signals

<+ Amplitude Modulated (AM) signals
<+ Frequency Modulated (FM) signals
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Description of Generation and Demodulation FM Stereo

Angle Modulated Signals of FM Signals Broadcasting

Immunity to Nonlinearities

To observe the effects of system nonlinearities on modulated waveforms consider
the following model:

input =———  Nonlinear System |—— output

[output ] =a [input ]+ b [input P +c[input P+ ...
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Description of Generation and Demodulation FM Stereo

Angle Modulated Signals of FM Signals Broadcasting

Immunity to Nonlinearities

modulated
waveform ——{  Nonlinear System

o(1)

Frequency components:
[fe—Bp ftBr]

modulated waveform
with
nonlinear distortion

Frequency components:
outside of [ f, — B, f.+B;]
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Description of Generation and Demodulation FM Stereo

Angle Modulated Signals of FM Signals Broadcasting

Immunity to Nonlinearities

modulated :
B d F |t [ ”
waveform =l Nonlinear System ancpass Fiter cleaned
o(7) tfe output

Frequency components:
[fe—Bp ftBr]

modulated waveform
with
nonlinear distortion

Frequency components:
outside of [ f, — B, f.+B;]
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Description of

Angle Modulated Signals

Generation and Demodulation

of FM Signals

Immunity to Nonlinearities: AM

Broadcasting

) Bandpass Filter
Nonlinear System —_— f
—JC

wam(t) = m(t) cosw,t

RYERSON UNIVERSITY
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Description of Generation and Demodulation FM Stereo

Angle Modulated Signals of FM Signals Broadcasting

Immunity to Nonlinearities: AM

) Bandpass Filter
Nonlinear System +f —
—JC

wam(t) = m(t) cosw,t

output = am(t) coswet + bm?(t) cos® wet + cm3(t) cos® wet + - - -

b b 3 1
= am(t) cosw.t + §m2(t) + §m2(t) cos 2wt + 1€ m?(t) coswet + Zcm?’(t) cos 3wt + - - -

= [zm?(t)] + [am(t) + gcm?’(t)} cos wet + [gm2(t)] cos 2wt + [gm?’(t)] cos 3wt + - - -

RYERSON UNIVERSITY ELE 635 — Winter 2015 8



Description of Generation and Demodulation FM Stereo

Angle Modulated Signals of FM Signals Broadcasting

Immunity to Nonlinearities: AM

) Bandpass Filter
Nonlinear System +f —
—JC

wam(t) = m(t) cosw,t

output = am(t) coswet + bm?(t) cos® wet + cm3(t) cos® wet + - - -

b b 3 1
= am(t) cosw.t + §m2(t) + §m2(t) cos 2wt + 1€ m?(t) coswet + Zcm?’(t) cos 3wt + - - -

b b
— [§m2(t)] +|[am(t) + gcm?’(t)} cos wet H [§m2(t)] cos 2wt [gm?’(t)] cos 3w tH - - -
\ 4 v v v
baseband bandpass bandpass bandpass
centered at £ f, centered at + 2f,  centered at + 3/,
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Description of Generation and Demodulation FM Stereo

Angle Modulated Signals of FM Signals Broadcasting

Immunity to Nonlinearities: AM

) Bandpass Filter
Nonlinear System
tfe

oani(t) = m(t) coswet [wmiz) + %cm?’(t)] S

output = am(t) coswet + bm?(t) cos® wt + cm?(t) cos® wet + - - -

b b 3 1
= am(t) cosw.t + §m2 (t) + imz(t) cos 2wt + 1€ m?(t) coswet + Zcm3 (t) cos 3wt + - - -

b b
— [Efm?(t)] +|[am(t) + gcm?’(t)} cos wet H [gmz(t)].cos 2wt [gm?’(t)}cos wetH - -
\ 4 v v v
baseband bandpass bandpass bandpass
centered at £ f, centered at + 2f,  centered at + 3/,
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Description of Generation and Demodulation FM Stereo

Angle Modulated Signals of FM Signals Broadcasting

Immunity to Nonlinearities: AM

) Bandpass Filter
Nonlinear System
tfe

oani(t) = m(t) coswet [wmiz) + %cm?’(t)] S
- ~ =
7% m(t)

Distortion! ...

output = am(t) coswet + bm?(t) cos® wt + cm?(t) cos® wet + - - -

b b 3 1
= am(t) cosw.t + §m2 (t) + imz(t) cos 2wt + 1€ m?(t) coswet + Zcm3 (t) cos 3wt + - - -

= [zm?*(t)] + [am(t) + gcm?’(t)} cos wet + [gm2(t)] cos 2wt + [gm?’(t)] cos Jwet + - -
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Description of

Angle Modulated Signals

Generation and Demodulation

of FM Signals

Broadcasting

Immunity to Nonlinearities: FM

) Bandpass Filter
Nonlinear System —_— f
—JC

erm(t) = cos(wet + ¥(t))

with (t) = Ky [ m(N\)dA
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Description of Generation and Demodulation FM Stereo

Angle Modulated Signals of FM Signals Broadcasting

Immunity to Nonlinearities: FM

) Bandpass Filter
Nonlinear System +f —
—JC

erm(t) = cos(wet + ¥(t))

with (t) = Ky [ m(N\)dA

output = a cos( ) + b cos?( )+ c cos®( ) +---

=a cos( ) + g + gcos(2wct + 2¢(t)) + Zc cos( ) + ic cos(3wet + 3y(t)) + - - -

= [g} + |a+ %c] cos(wet + (t)) + [g] cos (2wt + 2¢(t)) + [2} cos (3wet + 3¢ (t)) + - - -
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Description of

Angle Modulated Signals

Generation and Demodulation

of FM Signals

Broadcasting

Immunity to Nonlinearities: FM

Nonlinear System

erm(t) = cos(wet + ¥(t))

with (t) = Ky [ m(N\)dA

tfe

Bandpass Filter

output = a cos( ) + b cos?( )+ c cos®( ) +---

=a cos( ) + g + gcos(2wct + 2¢(t)) + Zc cos( ) + ic cos(3wet + 3y(t)) + - - -

RYERSON UNIVERSITY

centered at + f;

centered at + 2f,

ELE 635 — Winter 2015

= [g} +||a + Zc] cos(wet + ¥(¢) )|+ [g] cos (2wt + 2¢(t) )|+ [2} cos (3wet + 3¢(t))
M M v v
d.c. bandpass bandpass bandpass

centered at + 3/,




Description of

Angle Modulated Signals

Generation and Demodulation
of FM Signals

Broadcasting

Immunity to Nonlinearities: FM

Nonlinear System

erm(t) = cos(wet + ¥(t))

with (t) = Ky [ m(N\)dA

Bandpass Filter
+ 0,

[at 2] cos(wet + (1))

output = a cos( ) + b cos®( )+ c cos®( ) +---

=a cos( ) + g + gcos(cht +2¢(t)) + Zc cos( ) + ic cos(3wet + 3 (t)) + - - -

-

DA

1| +|[a+ Zc] cos (wet + (1))

_|_

[g] cos (2wat £ 2¢(t) )|+ [2} cos (Bwst= 3¢(t))

<

RYERSON UNIVERSITY

v
bandpass

centered at + f;

v

bandpass bandpass
centered at + 3/,

centered at + 2f,
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Description of

Angle Modulated Signals

Generation and Demodulation

of FM Signals

Broadcasting

Immunity to Nonlinearities: FM

Nonlinear System

erm(t) = cos(wet + ¥(t))

with (t) = Ky [ m(N\)dA

+ M,

Bandpass Filter

[at 2] cos(wet + (1))

output = a cos( ) + b cos®( )+ c cos®( ) +---

=a cos( ) + g + gcos(cht +2¢(t)) + Zc cos( ) + ic cos(3wet + 3 (t)) + - - -

[g] cos (2wat £ 2¢(t))

+

[2} cos (Bwst= 3¢(t))

_ [g} +[a + Zc] cos (wet +(t))|+
v v
d.c. bandpass

centered at + f;

v
bandpass

centered at + 2f,
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* Generation of FM signals
< Indirect Method
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Generation of FM signals
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Description of Effects of FM Stereo
Angle Modulated Signals Nonlinearities Broadcasting

Two main techniques:

1. Direct Method ( read from course reference text )
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Description of Effects of
Angle Modulated Signals Nonlinearities

Two main techniques:

1. Direct Method ( read from course reference text )

2. Indirect Method ( will discuss now ... )

FM Stereo
Broadcasting
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Description of Effects of FM Stereo
Angle Modulated Signals Nonlinearities Broadcasting

Indirect method

m(t) w= NBFM === WBFM
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Description of
Angle Modulated Signals

Effects of
Nonlinearities

FM Stereo
Broadcasting

Indirect method

Step 1

RYERSON UNIVERSITY

m(t)

m NBFM

ELE 635 — Winter 2015
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Description of
Angle Modulated Signals

Effects of
Nonlinearities

FM Stereo
Broadcasting

Indirect method

Step 1

RYERSON UNIVERSITY

m(t) w= NBFM

¢
ONBFM(t) = Accosw.t — A, [Kf / m()\)d)\} sin w,t
0

ELE 635 — Winter 2015
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Description of
Angle Modulated Signals

Effects of
Nonlinearities

FM Stereo
Broadcasting

Indirect method

Step 1

RYERSON UNIVERSITY

m(¢) m== NBFM

t
oNBEM () = Accosw .t — A, [Kf / m()\)d)\} sin w,t
0

—’®—'>CP—> ©oNBFM (1)

A.sinw,t

A, cosw,t

Q

ELE 635 — Winter 2015
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Description of Effects of
Angle Modulated Signals Nonlinearities

FM Stereo

Broadcasting

Indirect method

NBFM =)

WBFM

Step 2 requires the use Frequency Multiplier units.

RYERSON UNIVERSITY ELE 635 — Winter 2015

Step 2
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Description of

Angle Modulated Signals

Effects of
Nonlinearities

FM Stereo
Broadcasting

Indirect method

RYERSON UNIVERSITY

Frequency Multiplier

[X N] Frequency Multiplier

Memoryless Bandpass Filter
Nonlinear Device N + Nf., > y(t)
N f.
S ——————————————
NAf

y(t) = [ a1 z(t) + az 2°(t) + azz®(t) + ... | * hgpr(?)

ELE 635 — Winter 2015
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Description of Effects of
Angle Modulated Signals Nonlinearities

FM Stereo
Broadcasting

Indirect method

Frequency Multiplier

[x N Frequency Multiplier

% Memoryless -~ Bandpass Filter R
z(t) "| Nonlinear Device - N, > y(t)
fc Nfc
Af NAf

Consider the case with a 2"9 Order Nonlinearity:

ag 2(t)

RYERSON UNIVERSITY ELE 635 — Winter 2015
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Description of
Angle Modulated Signals

Effects of FM Stereo

Nonlinearities Broadcasting

Indirect method

Consider the case with a 2"9 Order Nonlinearity:

RYERSON UNIVERSITY

x(t)

Je
Af

Frequency Multiplier

[x N Frequency Multiplier

~ Memoryless . Bandpass Filter .y (t)
Nonlinear Device £ Nf, g

Nf.

NAf

BPF tuned to * 2f,

ag 2(t)

y(t) = as cos®(wet + Y (1)) * hgpr(t)

= {% + % cos (2wt + 2¢(t))] @

— % cos (2wt + 21(t))

ELE 635 — Winter 2015
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Description of
Angle Modulated Signals

Effects of
Nonlinearities

FM Stereo

Broadcasting

Indirect method

Frequency Multiplier

[x N Frequency Multiplier

% Memoryless -~ Bandpass Filter R
z(t) "| Nonlinear Device - N, > y(t)
fc Nfc
Af NAf

Consider the case with a 2"9 Order Nonlinearity:

RYERSON UNIVERSITY

ag 2(t)

BPF tuned to * 2f,

y(t) = as cos®(wet + Y (1)) * hgpr(t)

= {% + % cos (2wt + 2¢(t))] @

a

J.and Af

2

= 2 cos (2wt + 2@&(1&)% L

doubled

ELE 635 — Winter 2015
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Description of
Angle Modulated Signals

Effects of
Nonlinearities

FM Stereo
Broadcasting

Indirect method

z(t) ——p

fe
Af

Single-Tone Modulation

RYERSON UNIVERSITY

b=

Af

fm

Frequency Multiplier

Frequency Multiplier > y(t)
XN
N fe
NA

ELE 635 — Winter 2015
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Description of Effects of

Angle Modulated Signals Nonlinearities

FM Stereo
Broadcasting

Indirect method

Frequency Multiplier

z(t) ——p

Frequency Multiplier
XN

fe
Af
A
Single-Tone Modulation | 5 = f—f
A
Baseband Modulation D = B—f

RYERSON UNIVERSITY

L » ()

N fe

) ND =

ELE 635 — Winter 2015

o NB =

NAf
NAF

Im
NAF

By,

Sil




Description of
Angle Modulated Signals

Effects of
Nonlinearities

FM Stereo
Broadcasting

Indirect method

z(t) ——

fe
Af

Single-Tone Modulation | 5

Baseband Modulation D

Frequency Multiplier

Frequency Multiplier
XN

_Aaf
 fm
_af
" B

Increasing f or 2 is exactly what we need for

NBFM s=== WBFM.

RYERSON UNIVERSITY
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Description of
Angle Modulated Signals

Effects of
Nonlinearities

FM Stereo
Broadcasting

Indirect method

* In practice very abrupt nonlinearities can be generated ... N ~ 1000.

Frequency Multiplier

z(t) ——
Je

Frequency Multiplier
XN

L » y(t)
Nfe

Af

NAf

* Nth order Frequency Multiplier increases both f.and Af by N.

RYERSON UNIVERSITY

ELE 635 — Winter 2015

33




Description of Effects of

Angle Modulated Signals Nonlinearities

FM Stereo
Broadcasting

Indirect method

Frequency Multiplier

(t) | Frequeng:(yNMuItiplier > y(t)
fe Nfe

* In practice very abrupt nonlinearities can be generated ... N ~ 1000.
* Nth order Frequency Multiplier increases both f.and Af by N.

* Need another mechanism to control f, only

RYERSON UNIVERSITY ELE 635 — Winter 2015
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Description of Effects of FM Stereo

Angle Modulated Signals Nonlinearities Broadcasting

Indirect method

Frequency Multiplier

(t) | Frequeng:(yNMuItiplier > y(t)
fe Nfe

* In practice very abrupt nonlinearities can be generated ... N ~ 1000.
* Nth order Frequency Multiplier increases both f.and Af by N.

* Need another mechanism to control f, only

— Frequency Converter / Mixer

RYERSON UNIVERSITY ELE 635 — Winter 2015 5O)



Description of
Angle Modulated Signals

Effects of
Nonlinearities

FM Stereo

Broadcasting

Indirect method

Frequency Converter / Mixer

Frequency Converter / Mixer

RYERSON UNIVERSITY

»( X

Bandpass Filter

£,

2 cos wot

ELE 635 — Winter 2015

y(t)

Y (f)=X({f = fo) + X(f + fo)
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Description of Effects of FM Stereo

Angle Modulated Signals Nonlinearities Broadcasting

Indirect method

NBFM === WBFM Step 2
 Frequency Multiplier units ........................ increase both f.and Af
e Increasing Af ..o increases f or D
* Frequency Converter / Mixer units ............. increase / decrease f, only

« Complete NBFM to WBFM conversion requires the use of multiple Frequency
Multiplier and Frequency Mixer units.

RYERSON UNIVERSITY ELE 635 — Winter 2015
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Description of Effects of FM Stereo

Angle Modulated Signals Nonlinearities Broadcasting

Indirect method — An Example

Frequency Frequency
m(t) —pp|  NBFM —p»| Multiplier | Multiplier > orn(t)
Modulator X Ny X Ny

fc—NB = 0.1MHz fo = 9.5MHz

Given

L 7105 bandlimited to [100 Hz, 15 kHZ]

« NBFM................ foxg = 0.1 MHz and Afyz = 20 Hz

« WBFM ............... fows =100 MHz and Afyz =75 kHz
« Mixer ................. down-mixer
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Description of

Angle Modulated Signals

Effects of
Nonlinearities

FM Stereo

Broadcasting

Indirect method — An Example

Frequency
NBFM Multiplier
Modulator X N1
1MHz
m(t) — K /0 —>()————>O— pnpru(t)

A, coswt

©

RYERSON UNIVERSITY
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Frequency
Multiplier
X No

> oru(t)
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Description of

Angle Modulated Signals

Effects of
Nonlinearities

FM Stereo

Broadcasting

Indirect method — An Example

NBFM
Modulator

Frequency
Multiplier

X N,

1MHz fo =9.5MHz

Check if NBFM condition is satisfied ( #<0.3)

RYERSON UNIVERSITY

ELE 635 — Winter 2015

Frequency
—»| Multiplier

X N

> oru(t)
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Description of Effects of FM Stereo

Angle Modulated Signals Nonlinearities Broadcasting

Indirect method — An Example

Frequency Frequency
m(t) ——p|  NBFM Multiplier | Multiplier > orn(t)
Modulator X Ny X Ny

1MHz fo =9.5MHz

Check if NBFM condition is satisfied ( #<0.3)

As m(t) is bandlimited to [100 Hz, 15 kHz], modulation/deviation index g
ranges from:

Loin = Mg ! 15000 = 20/15000 = very small
Prax = Ay / 100 =20/100 = 0.2
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Description of Effects of FM Stereo

Angle Modulated Signals Nonlinearities Broadcasting

Indirect method — An Example

Frequency Frequency
m(t) ——p|  NBFM Multiplier | Multiplier > orn(t)
Modulator X Ny X Ny

1MHz fo =9.5MHz

Check if NBFM condition is satisfied ( #<0.3)

As m(t) is bandlimited to [ 100 Hz, 15 kHz ], modulation/deviation index
ranges from:

P = Mg / 15000 = 20/15000 = very small Worst Case Scenario

NBFM condition
 Buwn =M/ 100 = 20/100 = o.2>/ s satisfied

RYERSON UNIVERSITY ELE 635 — Winter 2015 42




FM Stereo
Broadcasting

Description of Effects of
Angle Modulated Signals Nonlinearities
Indirect method — An Example
Frequency Frequency
NBFM i i
t Multipl Multipl t
m(t) Modulator ultiplier ultiplier | orm(t)
\
\
\
‘\
\\\\\
Objective N\
N\
V4 5
\
\
1
1
]
1
WBFM
A fws
f c—WB

’
4
i
/]
[}
]

NBFB
ﬁ

Af  IAVEN

A
fexp

ELE 635 — Winter 2015
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Description of

RYERSON UNIVERSITY

—_—

Frequency Mixing effects £, only.

ELE 635 — Winter 2015

Effects of FM Stereo
Angle Modulated Signals Nonlinearities Broadcasting
Indirect method — An Example
Frequency Frequency
m(t) —p»|  NBFM Multiplier Multiplier oru(t)
Modulator X Ny |
1
B
\
‘\
\\\\\
Objective N
4
Il'
/
[]

WBFM

fc—WB
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Description of Effects of
Angle Modulated Signals Nonlinearities

FM Stereo
Broadcasting
Indirect method — An Example
Frequency Frequency
m(t) —p»|  NBFM Multiplier L »| Multiplier oru(t)
Modulator {
\
\
\
‘\
\\
fo = 9.5MHz N
\\
\
\
\
1
1
]

—_—

Frequency Mixing effects £, only.

 Overall Frequency Multiplication factor /V,V, is determined by Afyg/ Afys

RYERSON UNIVERSITY
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Description of

N1 Ny =

[Bflmax _ Afws

 Overall Frequency Multiplication factor /V,V, is determined by Afyg/ Afys

[Aflmin~ Afs

ELE 635 — Winter 2015

75000

20

= 3750

46

Effects of FM Stereo
Angle Modulated Signals Nonlinearities Broadcasting
Indirect method — An Example
Frequency Frequency
m(t) —pp|  NBFM Multiplier L »| Multiplier o (t)
Modulator X Ny \
\\
fo = 9.5MHz \‘\
Objective - ™
Il'/ \\“
{ 1
WBFM
A fws
ﬁ
fc—WB
Frequency Mixing effects £, only.




Description of
Angle Modulated Signals

RYERSON UNIVERSITY

ELE 635 — Winter 2015

Effects of FM Stereo
Nonlinearities Broadcasting
Indirect method — An Example
Frequency Frequency
NBFM o -
t Multiplier Multipl t
m(®) Modulator v T { wr(t)
\
\
\
‘\
\\\\\
~\\
N\
\
\
\
1
1
i
1
WBFM
A fws
f c—WB




Description of

Effects of
Angle Modulated Signals

FM Stereo
Nonlinearities Broadcasting
Indirect method — An Example
Frequency Frequency
NBFM s . P
t Multiplier ‘ Multiplier t
m(t) Modulator P Mixer P wrm(t)
fo =9.5MHz ‘\
™
N\

RYERSON UNIVERSITY
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Description of Effects of FM Stereo
Angle Modulated Signals Nonlinearities Broadcasting

Indirect method — An Example

Frequency
Multiplier

Frequency

NBFM Multiplier

Modulator

After Mixer WBFM

lec—NB fo _lec—NB ' fc—WB

RYERSON UNIVERSITY [l ELE 635 — Winter 2015



Description of Effects of FM Stereo
Angle Modulated Signals Nonlinearities Broadcasting

Indirect method — An Example

Frequency
Multiplier

Frequency

NBFM Multiplier

Modulator

Mixer does
NOT alter

Af

RYERSON UNIVERSITY |l ELE 635 — Winter 2015



Description of Effects of FM Stereo
Angle Modulated Signals Nonlinearities Broadcasting

Indirect method — An Example

Frequency
Multiplier

Frequency
Multiplier

NBFM
Modulator

down-mixer!

RYERSON UNIVERSITY [l ELE 635 — Winter 2015



Description of
Angle Modulated Signals

Effects of FM Stereo
Nonlinearities Broadcasting

Indirect method — An Example

RYERSON UNIVERSITY

Frequency
Multiplier

Frequency
Multiplier

NBFM
Modulator

N1A fxs N1 Afns
Nife—nB fo— Nife—nNB

ELE 635 — Winter 2015 52




Description of
Angle Modulated Signals

Effects of FM Stereo
Nonlinearities Broadcasting

Indirect method — An Example

RYERSON UNIVERSITY

Frequency
Multiplier

Frequency
Multiplier

NBFM
Modulator

N1A fxs N1 Afns
Nife—nB fo— Nife—nNB

Y

U

NoN1Afng = Afws
Nofo — NoNife-nB = fe—wB

Design Equations
ELE 635 — Winter 2015 53




Description of Effects of FM Stereo
Angle Modulated Signals Nonlinearities Broadcasting

Indirect method — An Example

Frequency
Multiplier

Frequency
Multiplier

NBFM
Modulator

N1A fxs N1 Afns
Nife—nB fo— Nife—nNB

NoN1Afng = Afws
Nofo — NoNife-nB = fe—wB

Design Equations

RYERSON UNIVERSITY |l ELE 635 — Winter 2015



Description of Effects of FM Stereo
Angle Modulated Signals Nonlinearities Broadcasting

Indirect method — An Example

Frequency
Multiplier

Frequency
Multiplier

NBFM
Modulator

NlAfNB NlAfNB
Nife—NB fo— Nife—nNB
NoN1Afxs = Afws 20N, N; = 75000
Nofo — NaNife-NB = fe—wB 9.5Ny — 0.1NoN; = 100

RYERSON UNIVERSITY ELE 635 — Winter 2015 99




Description of Effects of FM Stereo
Angle Modulated Signals Nonlinearities Broadcasting

Indirect method — An Example

Frequency
Multiplier

Frequency
Multiplier

NBFM
Modulator

N1AfxB N1AfxB
Nife-NB Jo— N1fe-NB
NoN1Afxg = Afwe 20Ny Ny = 75000 E> Ny =75
Nafo — NoNife-nB = fe—wB 9.5N, — 0.1N,N; = 100 Ny = 50
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Description of
Angle Modulated Signals

Effects of
Nonlinearities

FM Stereo
Broadcasting

Indirect method — An Example

RYERSON UNIVERSITY

Frequency
Multiplier

NBFM
Modulator

ELE 635 — Winter 2015
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Multiplier
X No

—» oru(t)




Description of
Angle Modulated Signals

Effects of
Nonlinearities

FM Stereo
Broadcasting

Indirect method — An Example

x
0.1IM

RYERSON UNIVERSITY

NBFM
Modulator

fchB = 0.1MHz

'
-
L
’f

4

II
I
{
]
1

NBFB After Multiplier-1

1500
7.5M

4
7

ELE 635 — Winter 2015

£, = 9.5MHz

Frequency
Multiplier
X No

—» oru(t)
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Description of
Angle Modulated Signals

Effects of
Nonlinearities

FM Stereo
Broadcasting

Indirect method — An Example

Af

| &

NBFB After Multiplier-1 After Mixer

20
0.1M

RYERSON UNIVERSITY

NBFM
Modulator

fchB = 0.1MHz

1500
7.5M

X 75

Frequency

Multiplier +—® @pm(t)

1500
2.0M
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Description of Effects of FM Stereo
Angle Modulated Signals Nonlinearities Broadcasting

Indirect method — An Example

NBFM
Modulator X 75

fchB = 0.1MHz

NBFB After Multiplier-1 After Mixer After Multiplier-2

1500 1500 75,000

2
0.1IM 7.5M 2.0M 100M

RYERSON UNIVERSITY ELE 635 — Winter 2015




Description of Effects of FM Stereo

Angle Modulated Signals Nonlinearities Broadcasting

Indirect method — An Example

NBFM
Modulator X 75

fchB = 0.1MHz

NBFB After Multiplier-1 After Mixer After Multiplier-2 WBFM

1500 1500 75,000 Afws

2
0.1IM 7.5M 2.0M 100M fowm
\

Design
targets met

RYERSON UNIVERSITY ELE 635 — Winter 2015




Demodulation of FM signals
<+ PLL based FM demodulation
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Demodulation of FM signals
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Description of Effects of FM Stereo

Angle Modulated Signals Nonlinearities Broadcasting

The Phase-Locked Loop (PLL) is a versatile component frequently used in
communication systems. Applications of PLL include:

» Locking onto and tracking changes in the instantaneous frequency of the
incoming signal.

« Narrowband filtering.

* Frequency synthesis.
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Description of Effects of FM Stereo

Angle Modulated Signals Nonlinearities Broadcasting

The Phase-Locked Loop (PLL) is a versatile component frequently used in
communication systems. Applications of PLL include:

* | Locking onto and tracking changes in the instantaneous frequency of the
incoming signal.

’—‘-;

« Narrowband filtering.

’/¢

N,

* Frequency synthesis. \\

This property of the PLL
makes it perfectly suitable for
FM signal demodulation.
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Description of Effects of
Angle Modulated Signals

FM Stereo
Nonlinearities

Broadcasting

PLL is a feedback control system such where the output of the loop filter controls
the instantaneous frequency of the VCO:

PLL
Phase Detector
put v |\
npu >®——> Loop Filter 7 “‘\ >
_ A \_/ \
v;(t) = cos(6;(t)) s\
N\
3
3
3
\
Vo () VCO |« \
i
]
I
i
i
;
. ,,
I Vo(t) = sin(0(1)) %
S
7

RYERSON UNIVERSITY
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Description of Effects of FM Stereo

Angle Modulated Signals Nonlinearities Broadcasting

PLL is a feedback control system such where the output of the loop filter controls
the instantaneous frequency of the VCO:

PLL
Phase Detector
Vet \‘
Input >®——> Loop Filter (> 7 \\:
v;(t) = cos(6;(t)) 1 N Y
\\\
\\
\
Vo (1) VCO [ “l
."
;
,I
I Vo(t) = sin(0(1)) i
1 db,(t)
o t — S — Jo K
Folt) = g ot = fort (G (0)
or equivalently: Vo(t) = sin( 27 fot + K / Ve(N)dN)

RYERSON UNIVERSITY ELE 635 — Winter 2015
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Description of Effects of
Angle Modulated Signals Nonlinearities

Assume:

« Input is the FM signal: v;(t) = cos( 27 fot + K /m(A)d)\)

« VCO free-running frequency is set to the carrier frequency f..

RYERSON UNIVERSITY ELE 635 — Winter 2015
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Description of Effects of FM Stereo

Angle Modulated Signals Nonlinearities Broadcasting

Assume:

- Input is the FM signal: v;(t) = cos(2n f.t + K} /m(A)d)\)

« VCO free-running frequency is set to the carrier frequency f..

How will the PLL operate?

« The feedback action will drive the time-varying phase of the VCO output to
match the time-varying phase of the input 6,(t) — 6;(t) or equivalently:
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Description of Effects of FM Stereo

Angle Modulated Signals Nonlinearities Broadcasting
Output Input
Vo(t) = sin( 2w fot + K / ve(N)dN) v; (t) = cos( 2 fot + Ky /m()\)d)\)
\ ) (¢ J
24 Y
0, (1) > 0;(1)
Ve(t) o m(t)
so that:

Vo(t) = Sin( 27 fot + K/ve()\)d)\)

= sin( 27 fot + K / m(\)d\)
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Description of Effects of FM Stereo

Angle Modulated Signals Nonlinearities Broadcasting

Therefore, we can use a PLL tuned to £, to demodulate FM signals:

PLL

wrm(t) ZCOS(wct+Kf/m()\)d)\) ~@| Hes) J > ~ m(t)

VCO

RYERSON UNIVERSITY ELE 635 — Winter 2015
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Description of Effects of

Angle Modulated Signals Nonlinearities

FM Stereo
Broadcasting

There are other FM demodulation techniques, including:

Envelope Detection

dppn () d /
—a  —Z Cos(w t+ Ky m()\)d)\)

= —Ac|we + Kym(t)] sin(wet + Ky /m()\)d)\)

W

= A, [c:zc + Kym(t)] sin( wet + [Kf /m()\)d)\] — )

Y

time-varying envelope with w. > K ym(t)

> Bandpass > i > Envelope > DC
PEM <t) Filter dt Detector block

——» ~ m(t)
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Description of Effects of
Angle Modulated Signals Nonlinearities

There are other FM demodulation techniques, including:

« Envelope detection;
» Slope detection;
« Balanced discriminator based FM demodulation,

« Balanced zero-crossing FM detection.
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 FM Stereo Broadcasting
< Stereo signal multiplexing

< Stereo signal demodulation
<+ Tips, tricks, standards ...
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Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

Objective

Design a stereophonic FM broadcasting system that:

« conforms with FM broadcasting regulations already in place;
» is backward compatible with existing monophonic FM receivers.
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Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

Key FM Broadcasting Parameters

 Maximum / Peak frequency deviation ........................ [ Af ] = 75 kHz
« Message signal bandwidth ... B =15kHz
* Transmission bandwidth (by Carson’s Rule) ...... Br=2(Af+B,) =180 kHz
« FM Broadcasting regulations ... B =200 kHz
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Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

Key FM Broadcasting Parameters

* Maximum allowed frequency deviation ........................ [Af ], =75 kHz

* Audio signal bandwidth ... B =15kHz
* Transmission bandwidth (by Carson’s Rule) ...... Br=2(Af+B,) =180 kHz
* Transmission/Channel bandwidth (regulations) ......................... 200 kHz

Design Considerations

 Initial FM broadcasting was mono only.
« Transmission of an stereo FM signal has to be within the allocated FM

broadcasting channel bandwidth.
« Stereo receivers have to be backward compatible with monophonic receivers.
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Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

Step 1: Create the baseband signal m(r)
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Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

Step 1: Create the baseband signal m(r)

mg(t) >@ >@ »(+)—> m(t)

+2
L2b

RYERSON UNIVERSITY ELE 635 — Winter 2015 80



Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

Step 1: Create the baseband signal m(r)

mg(t) >@ >@ »(+)—> m(t)

+2
L2b

Analyze the components of m(7)
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Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

my, + MR

>< —
»( X

() >
&) ~O—
+2 —T
Ill II' —— fp =19 kHZ

Stereo Matrix £ fh = 38 Kz

g
\ 4
®

3
&
v
®

mp —» —> My + Mgr m m m
Stereo L+ MR B 1 1 L
mr —» Matrix — 1], — MR mp — mg 1 -1 meR
R

- Backward compatibility: cannot transmit m; and mg separately.
« Monophonic receiver: will receive only the mono signal [m; + mg].

- Stereo Matrix: has to be non-singular for proper de-matrixing.
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Generation and Demodulation

of FM Signals

Effects of
Nonlinearities

Description of
Angle Modulated Signals

my(t) > ;
mi, — my
mr(t) _;@/' >(x) »(*)—> m(t)
------------ +2 —T
. — fp =19 kHz
Mono Signal oo = 38 kz
' A
F mi, + me|
>
15 kHz

100 Hz

Bandwidth: m; and my and therefore [m, +mg] are bandlimited to 15 kHz.

ELE 635 — Winter 2015
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Generation and Demodulation

of FM Signals

Effects of
Nonlinearities

Description of
Angle Modulated Signals
mr, + Mg

d"
-
——“
_______
d“
P
-

Difference Signal

15 kHz

100 Hz

Bandwidth: m; and my and therefore [m; —mg] are bandlimited to 15 kHz.
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Generation and Demodulation

Description of Effects of
Angle Modulated Signals Nonlinearities of FM Signals
mr, + Mg
my,(t) :@
myp, — mpR
mg (%) — >+ > .
|
DSB-SC Signal foo = 38 KHz O
/I
A /
v
[((my, — mR) cos ws.t]
| > f
23 kHz 38 kHz 53 kHz

DSB-SC signal: (m;—my) cos ot with carrier frequency f..= 38 kHz.
85
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Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

my, (t) =@ my, + mp \
>< o
mg(t) — =@ :@ . C"‘ it
+2
I/ fp =19 kHz
PIIOt Tone fsc = 38 kHz ::'
J
¢’/
—"//
b
Fllcos wpt ===

19 kHz

 APilot Tone at frequency f = 19 kHz is added for coherent demodulation
of the DSC-SC signal (m —my) cos ot

* The Pilot Tone also indicates stereo transmission.
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Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

Baseband Signal | . 738 ki

t Flm@)]

m(t) = [mL + mR] + [mL — mR] cos wsct + K coswpt
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Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

Step 2: Generate a WBFM signal from the composite baseband signal m(¢)

Stereo Frequency-Division-Multiplexer (FDM)

my, +m
mL(t) > :@ = R }
>.<|L my, — Mg m(t)
e O oo e I vl St
=2 —T
.fsc=38 kHz fc

¢
erm(t) = Ac cos(wet + Ky / m(A\)d\)
0
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Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

Demodulation of FM Broadcast Signals

Objective

Design a stereo FM receiver:

- demodulate the wideband FM signal ¢(¢), and
« generate the left- and right channel audio signals m, (1) and m (7).

RYERSON UNIVERSITY v ELE 635 — Winter 2015
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Description of

Angle Modulated Signals

Effects of
Nonlinearities

Generation and Demodulation
of FM Signals

Demodulation of FM Broadcast Signals

wrM(t) —

FM
Demodulator

Step 1: Demodulate ¢, () to generate the composite baseband signal m()

RYERSON UNIVERSITY

ELE 635 — Winter 2015
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Decoder

> mw(t)

> mg(t)




Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

Demodulation of FM Broadcast Signals

Step 1: Demodulate ¢, () to generate the composite baseband signal m()

FM Demodulator

PLL (t)
m(t) Stereo | L
t >
SOFM( ) PP He) ™ Decoder
1 vco |« — mgr(t)
——————— ———
tuned to f,

* Use a PLL with its VCO tuned to the carrier frequency f, of the incoming
FM signal to demodulate and generate the baseband signal m(7).
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Description of

Angle Modulated Signals

Effects of Generation and Demodulation
Nonlinearities of FM Signals

Demodulation of FM Broadcast Signals

wrm(t)

ik

FM Demodulator

PLL

Step 1: Demodulate ¢, () to generate the composite baseband signal m()

VCO |«

N

tuned to f;;

PD = H(s) —>

Stereo
Decoder

> my, (t)

— mR(t)

If the incoming FM signal is from the output of the IF stage of a
superheterodyne receiver, then the VCO must be tuned f;.

RYERSON UNIVERSITY
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Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

Demodulation of FM Broadcast Signals

Step 2: Demultiplex the composite baseband signal m()

Tf[m(t)]
JI//_\ ‘ /\/\ - > f [kHz]
151 23 38 53
19
| LPF ML+ My
|1 [0,15K]
A
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Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

Demodulation of FM Broadcast Signals

Step 2: Demultiplex the composite baseband signal m()

Tf[m(t)]
JI//_\ ‘ /\/\ - > f [kHz]
151 23 38 53
19
| LPF ML+ My
|1 [0,15K]
—
[ 1 { Mono Receiver: this
is all what is needed !
m(t) ——
—
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Generation and Demodulation
of FM Signals

Effects of
Nonlinearities

Description of
Angle Modulated Signals
Demodulation of FM Broadcast Signals

Step 2: Demultiplex the composite baseband signal m()

Flm(t)]
//—\ ‘ /\/\ | /\/\ o

151 23 38 53

19
[mL — mR] COS Wgt ML = MR~
m(t) R BPF i Coherent
| [23k, 53K] DSB-SC Demodulator
—
J COS Wyt
—

ELE 635 — Winter 2015
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Generation and Demodulation

Description of Effects of
Nonlinearities of FM Signals

Angle Modulated Signals
Demodulation of FM Broadcast Signals

Step 2: Demultiplex the composite baseband signal m()

Flm(t)] B
//—\ /\/\ | /\/\ .
151 23 38 53
19
[mL — mR] COS Wgel ML — MR~
mi(t) . BPF i Coherent
[23k, 53K] DSB-SC Demodulator
—
COS Wget
| Narrowband Filter _| Frequency
| tuned toﬁj =19 kHz | Doubler
S ———— —

ELE 635 — Winter 2015
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Description of Effects of

Angle Modulated Signals Nonlinearities

Generation and Demodulation
of FM Signals

Demodulation of FM Broadcast Signals

Flm(t)]

Step 2: Demultiplex the composite baseband signal m()

A

151 23 38 53

19

[mL — mR] COS Wgt

BPF 5 ® LPF
t - _._>
m(t) [23k, 53k] : [0,15K] my, — mg
T S
COS Wyt
| Narrowband Filter _| Frequency
| tuned toﬁj =19 kHz | Doubler
T ———————— —

RYERSON UNIVERSITY
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Description of Effects of

Angle Modulated Signals Nonlinearities

Generation and Demodulation
of FM Signals

Demodulation of FM Broadcast Signals

Flm(t)]

~

A

Step 2: Demultiplex the composite baseband signal m()

RYERSON UNIVERSITY

| > f [kHz]
151 23 38 53
19
[mL — mR] COS Wget
BPF 5 © LPF
m(t) [23k, 53K] jf [0,15K] my, — mg
PLL COS Wyt
»| PD > H(s)
L J | [
+2 | VCO
===1=-+-1. VCO tuned
Seme tof;c = 2‘/1',
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Generation and Demodulation

Effects of
of FM Signals

Nonlinearities

Description of
Angle Modulated Signals

Demodulation of FM Broadcast Signals

Step 2: Demultiplex the composite baseband signal m(7)

@—» 2my,

@—> 2mp

Tf [m(t)] ]
4|-|//_\. /\/\'/\/\ > f [kHz]
151 23 38 53
19
| LPF mr +me _
| [0,15K] -
[mL — mR] COS Wt
| BPF | LPF _
m(?) "I 3k 53 [ ij) "l [0,154] R >
PLL COS Wyt
> PD >| H(s)
L :I /2
+2 |- VCO

ELE 635 — Winter 2015
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Generation and Demodulation

Description of Effects of
of FM Signals

Angle Modulated Signals Nonlinearities

FM Broadcasting: SCMO/SCA

Actual baseband signal m(f) may have other components

S F[m(t)] RDS
' 8 .- SCMO / SCA
N
- 57 50 75 [zl
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Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

FM Broadcasting: SCMO/SCA

tFIm@)] RDS

L A —> f [kHz]

3 575

« Radio (Broadcast) Data Service (RDS): communications protocol
standard for embedding small amounts of digital information such as:
= alternative frequencies,
= program identification/service type (station call letters ...),
= radio text (title and artist of the current song ...),
» traffic message,

Data at 1187.5 bits per second on a 57-kHz subcarrier ( 3 x 19 kHz ).
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Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

FM Broadcasting: SCMO/SCA

S F[m(t)]
. SCMO / SCA
E
i \ .
59 75 [zl

« Subsidiary Communications Multiplex Operation (SCMO) in Canada
Subsidiary Communications Authorization (SCA) in the United States:
broadcast additional services such as:

= background music (MUZAK),
* paging systems,
» alternate audio/language tracks ...

The SCMO/SCA signal is typically an FM signal with bandwidth 5 kHz.
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Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

FM Broadcasting: Allocation of Peak Frequency Deviation

f\[/ﬂF\A

53 57 59

- SCMO / SCA

> f [kHZ]

19

m(t) =|[mr + mg]|+|mr — mpg] cos wsct|+|K, cos wyt|H K, pr(t) H| Ksps (1)
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Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

FM Broadcasting: Allocation of Peak Frequency Deviation

r\j A=

- SCMO / SCA

53 57 59

m(t) =|[mr + mpg]|+ [mL — mpg] cos wsct|+|K, cos wyt|H Ko (t) H Ksps (1)

)

FM
Modulator

'
prm(t) = Accos(wet + K /m(A)dA)

— A, cos(wct +|/Mono H{Stereo|+|Pilot H-|RDS |+ SCI\/IO)




Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

FM Broadcasting: Allocation of Peak Frequency Deviation

f\[/V\F\A

15 i 23 53 57 59

- SCMO / SCA

m(t) =|[mr + mpg]|+ [mL — mpg] cos wsct|+|K, cos wyt|H Ko (t) H Ksps (1)

)

FM
Modulator

!
prm(t) = Accos(wet + K /m(A)dA)

— A, cos(wct +|/Mono H{Stereo|+|Pilot H-|RDS |+ SCI\/IO)

« Modulating signal m(f) bandwidth .................... B_=175kHz ﬂno_tbf?tucfh
o : Lol _ exiollity Tor
Maximum/Peak frequency deviation ......... [ Af 1,0 = 75 kHz modulation
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Generation and Demodulation

Description of Effects of
of FM Signals

Angle Modulated Signals Nonlinearities

FM Broadcasting: Allocation of Peak Frequency Deviation

For proper signal modulation, components of m(r) are allocated portions of
the total allowable [ Af ...,

Pilot Tone

Adjust its sensitivity parameter such that

[Af] e < 010 [Af] =75 kHz

By = [Af]pilot _ 75 @
e Ipilot 19

\
\
\
\
\
\
\

almost NBFM

ELE 635 — Winter 2015
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Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

FM Broadcasting: Allocation of Peak Frequency Deviation

For proper signal modulation, components of m(r) are allocated portions of
the total allowable [ Af]

max

wrm(t) = A cos(cuct +|Mono H-{Stereo 4| Pilot H-|RDS - SCI\/IO)

Monaural Stereo Stereo
Station Station no SCMO
Mono 70%
80% 90%
Stereo
Pilot 10% 10%
SCMO / SCA 30% 10%

If RDS is also used, then it uses 5% of the total allowable [ Af]

max

Higher percentage of [ Af],.. ====»  more signal power
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Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

FM Broadcasting: Further comments

Observations: FM Signal Power

Pp, = total power in an FM signal.

Pry is independent of f (modulation index) or 2 (deviation index).

« P FM — L useful (,B) +P wasted(lB)
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Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

FM Broadcasting: Further comments

Observations: FM Signal Power

* Pp,= total power in an FM signal.
* Pg, is independent of 5 (modulation index) or 2 (deviation index).
* P FM — useful(lB) +P Wastedw)

* Increase f === increase P . ()

* Toincrease P, (f) maximize p.

Can we increase p arbitrarily?
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Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

FM Broadcasting: Further comments

Observations: Increasing f

S values are limited by [ Af]

max

S is maximum when the modulating signal hits its maximum amplitude.

Program material (e.g. music, audio ...) is dynamic:

= hits peak amplitude only few times during the program;

= most of time program material is at a much lower amplitude level
= much lower modulation level (6-8%) resulting in lower P

useful

Typical FM station: average B; = 46 kHz whereas the maximum allowable
B=200 kHz.

What to do?
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Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

FM Broadcasting: Further comments

Observations: How to achieve higher P,

Many FM stations use compressors to even out the peaks and valleys of
the program material.

Compressed signals allow higher average Af, f and therefore P .,(f)

RYERSON UNIVERSITY v ELE 635 — Winter 2015
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Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

FM Broadcasting: Further comments

Observations: How to achieve higher P,

 Many FM stations use compressors to even out the peaks and valleys of
the program material.

« Compressed signals allow higher average Af, f and therefore P (%)
« Stations with heavy compression B, = 140-150 kHz

* Price to pay ==) program with drastically reduced dynamic range!...

RYERSON UNIVERSITY ELE 635 — Winter 2015
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Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

FM Broadcasting: Further comments

Observations: How to achieve higher P,

seful

 Many FM stations use compressors to even out the peaks and valleys of
the program material.

« Compressed signals allow higher average Af, f and therefore P (%)
« Stations with heavy compression B, = 140-150 kHz

* Price to pay ==) program with drastically reduced dynamic range!...

Reduced Dynamic Range: Good or Bad ?

RYERSON UNIVERSITY ELE 635 — Winter 2015
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Description of Effects of Generation and Demodulation

Angle Modulated Signals Nonlinearities of FM Signals

FM Broadcasting Standards

» Assigned carrier frequency ..... : 88.1-107.9 MHz in 0.2 MHz increments
« Channel bandwidth ................ : 200 kHz

» Carrier frequency stability ...... : +2KkHz

* Peak Frequency Deviation....... : 75kHz

* Modulation .............ccceninniie. . p=5for Af=75kHz and B, =15 kHz

* Audio frequency response ......: 50 Hz - 15 kHz
following a 75-us or 125-us pre-emphasis

« Maximum licensed power ....... - 100 kW (carrier power)
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Description of

Effects of
Nonlinearities

Generation and Demodulation

FM Stereo

Angle Modulated Signals

of FM Signals

Broadcasting

A systematic approach is all what is needed ...

mr, + mp

my — mgr

COS Wt

DSB-SC
Modulator

T

-«

RYERSON UNIVERSITY

] IO Y
————»
X Modulator
—
N ) COoS wpt
—

erm(t)
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Description of

Effects of
Nonlinearities

Generation and Demodulation

FM Stereo

Angle Modulated Signals

of FM Signals

Broadcasting

A systematic approach is all what is needed ...

mr, + mp

my — mgr

COS Wt

DSB-SC
Modulator

T

-«

m(t) FM
Modulator

RYERSON UNIVERSITY

orm(t)

FM
Demodulator
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Description of

Angle Modulated Signals

Effects of Generation and Demodulation
Nonlinearities of FM Signals

FM Stereo
Broadcasting

A systematic approach is all what is needed ...

mr, + mp

my — mgr

COS Wt

D

DSB-SC 'l\J" m(t) FM prm(t) M m(t) e
—————p | —_— > -

Modulator X Modulator Demodulator U

— X

T

-

RYERSON UNIVERSITY
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Description of Effects of Generation and Demodulation FM Stereo

Angle Modulated Signals Nonlinearities of FM Signals Broadcasting

A systematic approach is all what is needed ...

mr, + mp m, + mI{
D
L™ | DSB-SC 'CJ" m(t) FM pru(t) FM m(t) | v | obsesc | MR
Modulator X Modulator Demodulator U Demodulator
X

‘ COS Wt

X2 >

—
COS Wt ‘
©, > +2 coswyt cos wpt L»




