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The Radio Spectrum  
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Frequencies of a Few Services (Rough #s) 
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Choice of Transmission Frequency 
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Nearly Isotropic Antennas 
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Directional Antennas 

Uda-Yagi
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periodic-log

reflector

parabolic

patternradiation 

ofplot  Typical

http://en.wikipedia.org/wiki/Radiation_pattern 



class notes, M. Rodwell, copyrighted 2013 

Signals we might want to transmit by radio 
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Spectra of Digital Signals 
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Frequency Conversion / Modulation 
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Signal representation in this note set 
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Multiplying sinewaves easily (1) 
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Multiplying sinewaves easily (2) 
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Multiplying sinewaves easily (3) 
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Multiplying sinewaves easily (4) 

   tttt MLOMLOLOM )(cos
2

1
)(cos

2

1
)cos()cos(

:Summarize

 



class notes, M. Rodwell, copyrighted 2013 

Multiplication of two signals in a mixer (1) 
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Multiplication of two signals in a mixer (2) 
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(Suppressed Carrier) Amplitude Modulation Transmitter 
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(Suppressed Carrier) AM Waveforms 
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(Suppressed Carrier) AM Waveforms 

-1.5

-1

-0.5

0

0.5

1

1.5

0 0.5 1 1.5 2

V
R

F
(t

)

time

biggerdrawn   :Signal dTransmitte



class notes, M. Rodwell, copyrighted 2013 

(Suppressed Carrier) AM Fourier Spectra 
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(Suppressed Carrier) AM Receiver 
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(Suppressed Carrier) AM Receiver 
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 Suppressed Carrier AM: Comments 
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 Amplitude Modulation Transmitter 

   

 t
V

VV

t
V

VV
t

V

VV
tV

LO

o

LODC

MLO

o

LOM
MLO

o

LOM
RF





cos        

)(cos
2

)(cos
2

)(





  0/)cos()()( VtVVtVtV LOLODCMRF 

modulation before message  the toadded is level DC

 then),cos()( if So tVtV MMM 



class notes, M. Rodwell, copyrighted 2013 

 AM Waveforms 

-1.5

-1

-0.5

0

0.5

1

1.5

0 0.5 1 1.5 2

V
R

F
(t

)

time

-1.5

-1

-0.5

0

0.5

1

1.5

0 0.5 1 1.5 2

V
R

F
(t

)

time

Message

Oscillator Local

Signal dTransmitte

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

0 0.5 1 1.5 2

V
R

F
(t

)

time



class notes, M. Rodwell, copyrighted 2013 

 AM Waveforms 

biggerdrawn   :Signal dTransmitte
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 AM Fourier Spectra 
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 AM Receiver 
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Superheterodyne Receiver (Amstrong, 1918) 
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Spectral Requirements: AM 
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Mixers and Modulators are Usually Switches 
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Mixing  with a Switch 
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Mixing  with a Switch 
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Diode Double Balanced Mixer 
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FET Unbalanced Mixer 
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