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Why)Modulate?6
•  Antenna size considerations 

•  Transparency 

•  Multiplexing (Frequency, wavelength) 



Baseband)and)Bandpass)
Signals6

•  Baseband signals: spectral 
magnitude is non-zero only 
near the origin and is zero 
(or negligible) elsewhere 

•  Bandpass signals: spectral 
magnitude is non-zero 
only near the vicinity of f = 
± fc, were fc >> 0 

•  fc is called carrier 
frequency  
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Modulation6

Modulating Signal 
Message Signal 

m(t) 
(Baseband) 

 

Modulated Signal 
s(t) 

(Bandpass) 
 

Information 

Modulation                  Frequency Translation        

What is it? 

How is it done? 

Modulator 
message: m(t) 

 
carrier: c(t) 

s(t): modulated signal 

Modulation is the process of imparting the source information 
onto a bandpass signal with a carrier frequency fc by introduction 
of amplitude or phase perturbations or both. This bandpass 
signal is called the modulated signal s(t), and the baseband 
source signal is called the modulating signal m(t). 

 



Complex)Envelope)Representation6

•  We want a common mathematical representation for 
•  information transfer from baseband to bandpass 
•  any bandpass signal 
•  any time of modulation 
•  signal/noise and signal+noise 

Modulator 
message: m(t) 

 
carrier: c(t) 

s(t): radio signal 



Complex)envelope)representation)of)
bandpass)waveforms6

Any physical bandpass waveform can be represented by   

})(Re{)( 2 tfj cetgtv π=

•  g(t) is called the complex envelope of v(t) 
•  fc  carrier frequency (Hz) 
 )](2cos[)()( ttftRtv c θπ +=

v (t ) = x(t )cos(2πfct )− y (t )sin(2πfct )
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Complex)envelope)representation)of)
bandpass)waveforms6
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Complex)envelope)representation)of)
bandpass)waveforms6

•  g(t), x(t), y(t), R(t), and θ(t) are all baseband waveforms  

•  g(t) is complex 

•  x(t), y(t), R(t), and θ(t) are all real waveforms  

•  R(t) is amplitude modulation is on v(t), θ(t) is phase 

modulation 

•  x(t) is in-phase modulation I, y(t) is quadrature modulation Q 

Message Signal 
m(t) 

Mapping function 
Complex envelope 

g(t) 

Amplitude modulation g(t) = Ac[1 + m(t)] 
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Amplitude)Modulation6
•  Complex envelope   g(t) = Ac[1 + m(t)] 

o  Ac power level 

o  m(t) modulating signal 

•  AM signal         s(t) = Ac[1 + m(t)]cos(2πfct) 

•  Percentage of positive modulation 

=
Amax − Ac
Ac

×100 =max[m(t)]×100

=
Ac − Amin
Ac

×100 = −min[m(t)]×100

=
Amax − Amin
2Ac

×100 = max[m(t)]−min[m(t)]
2

×100

Amax =max[g(t)]
Amin =min[g(t)]

%positive modulation 

%negative modulation 

overall modulation percentage 

Where 



Single)Tone)AM6

s(t) = Ac[1 + Amcos(2πfmt)]cos(2πfct) 

c(t) = Accos(2πfct) 

m(t) = Amcos(2πfmt) 
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Percentage)Modulation)
(AM)6

s(t) 

t 

Ac 

Amax = Ac[1+Am] 

Amin = Ac[1-Am] 
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AM)Spectrum6



AM)Spectrum6
•  Complex envelope   g(t) = Ac[1 + m(t)] 

•  Spectrum of the complex envelope (Fourier Transform): 
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AM)Power)&)Efficiency6
•  Normalized average power of the AM signal 

•  Normalized mean that the load is equivalent to one ohm 

•  Total power. 
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AM)Power)&)Efficiency6
•  Modulation efficiency 

    the percentage of the total power of the modulated signal that 

conveys information 

 

 

 

•  The highest efficiency for AM modulation (without 

overmodulation) 

o  100%modulation 

o  Square wave 
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AM)Power)&)Efficiency6

•  Peak envelope power (PEP) 

    the average power that would be obtained if           were to be 

held constant at its peak value. 
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AM)Power)&)Efficiency6
•  Example 

•  5,000W AM transmitter (no modulation) with 50Ω load 

•  If the transmitter is 100% modulated by a 1kHz test tone, the 

total (carrier and sideband) average power is 

•  PEP is (actual, not normalized) 

•  Modulation efficiency is 33% (0.5/1.5) 

 

 

 

 

 

000,550/
2
1 2 =cA VAc 707=

5.0)(2 =tm

WAc 500,750/
2
1)5.01( 2 =!

"

#
$
%

&×+

WAtmAP c
c

PEP 000,2050/
2
1

4
50
1

)]}(max[1{
2

22
2

=×=×+=



Envelope)Detector6



Product)Detector6

mixer 



Federal)Communications)Commission)(FCC))AM)Standards6



AM)Standards6

https://en.wikipedia.org/wiki/Clear-channel_station#List_of_all_clear-channel_stations 



AM)Standards)
HW)(Do)not)need)to)be)turned)in))

6•  Find a AM radio, check what carrier frequencies are 
used and what are the intervals 



AM:)Features6
•  AM system is very cheap to build and maintain 
•  AM is wasteful of power - % modulation, single tone 

efficiency is 33% 
•  AM is wasteful of bandwidth - twice the message 

bandwidth is required 

•  AM Modifications: 
o  DSB-SC 
o  SSB 
o  VSB 


