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Quote from A. Bruce Carlson. 
Communication Systems (1986) 

“Attention, the Universe!  By kingdoms, right wheel!”  This 
prophetic phrase is the first telegraph message on record.  It 
was sent over a 16-km line by Samuel F.B. Morse in 1838.  
Thus was born a new era, the era of electrical communication. 

Over the next century and a half, communication engineering 
had advanced to the point that earthbound TV viewers could 
watch astronauts working in space. Telephone, radio, and 
television have become integral parts of modern life. 
Computers talk to computers via intercontinental networks.  
Certainly great strides have been made since the days of 
Morse.  Equally certain, coming decades will bring many new 
achievements of communication engineering.  
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http://people.deas.harvard.edu/~jones/cscie129/lectures/lecture8/graphic%20telegraphs/graphic_tel.html 

From "From Semaphore to Satellite" a volume published on the occasion of the centenary of 
the International Telelecommunication Union in 1965.  

     “… two great pioneers are Samuel Finley Breeze Morse (1791-1872) and Alfred Vail, his 
partner.  Morse was an American painter of historic scenes of some distinction and in 1835 he 
was appointed Professor of the Literature of Arts and Design at New York University in New 
York City).  It was during a return voyage from Europe in 1832, where he had gone to study 
art, that he became interested in electromagnets; their properties were demonstrated to him by a 
fellow-passenger during his voyage.  To Morse, this was a new and ingenious device and his 
mind became engrossed with the idea of using an electromagnet as the operative element in an 
electric telegraph.” 

"The essence of Morse's idea was to use the passage of an electric current through an 
electromagnet to deflect a pen or pencil in such a way that they could mark a strip of paper 
passing underneath them.  The permanent recording of telegraphic messages onto paper was 
certainly a distinct new contribution and in 1835 his appointment to the University allowed him 
sufficient time to construct during that year his first, though still crude, telegraph.  Much 
remained to be done before it could become of real practical use and only when in 1837 the 
mechanical abilities of Alfred Vail were joined with persistent advocacy of Samuel Morse was 
the way opened to success."  

A. Bruce Carlson. Communication Systems (1986) 



3 

A. Bruce Carlson. Communication Systems (1986) 

A Generic Communication System 
A. Bruce Carlson. Communication Systems (1986) 
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What are the relevant quantities for AM radio? 

Some Important Terms 
•  Modulation 
•  Modulating signal 
•  Carrier signal 
•  Demodulation 

• Purpose:  generate a modulated signal suited to the characteristics of  the transmission channel 

• Relevant Definitions:  “Modulation involves two waveforms:  a modulating signal that 
represents the message, and a carrier wave that suits the particular application.  A modulator 
systematically alters the carrier wave in correspondence with the variations of  the modulating 
signal.  The resulting modulated wave thereby “carries” the message information.  We generally 
require that modulation be a reversible operation, so the message can be retrieved by the 
complementary process of  demodulation.” 

A. Bruce Carlson. Communication Systems (1986) 
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Amplitude Modulation (AM)  

Figure from Carlson. Communication Systems (1986) 
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2 Cases of 
Amplitude Modulation and Demodulation: 

• Double Sideband - Suppressed Carrier Modulation 
 (Amplitude modulation with a sinusoidal carrier) 

• Full Amplitude Modulation 

Note:  x(t) is recoverable from y(t) only when  ωc>ωM. 

Generation of an AM Wave  
(DSB - suppressed Carrier):   

A Simplified Frequency Domain View 
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Demodulation: 
Figures from Oppenheim and Willsky.  Signals & Systems (1997)  

Amplitude Modulation and Demodulation: 
Figures from Oppenheim and Willsky.  Signals & Systems (1997)  

This process has assumed that 
the demodulating and 
modulating signals are 
synchronized in phase. 

• Why?  What does this mean? 

• What are some of  the 
advantages/disadvantages of  
synchronous demodulation? 
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2 Cases of 
Amplitude Modulation and Demodulation: 

• Double Sideband - Suppressed Carrier Modulation 

• Full Amplitude Modulation 

Requires synchronous demodulation 

Asynchronous Demodulation (AM): 
Figures from Oppenheim and Willsky.  Signals & Systems (1997)  

Asynchronous demodulation avoids the need for 
synchronization between the modulator and demodulator.  
With asynchronous demodulation: 

•   x(t) must always be positive   
   (e.g., x(t)=A[1+kx(t)]cosωct with A>k) 

•   x(t) must vary slowly compared to ωc  
 (e.g., ωM << ωc).  
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Asynchronous Demodulation (AM): 
Figures from Oppenheim and Willsky.  Signals & Systems (1997)  

A circuit for  
asynchronous demodulation 

Generation of Full AM Wave:  A Frequency Domain View 
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Generation of an AM Wave:  A Frequency Domain View 

2 Cases of 
Amplitude Modulation and Demodulation: 

Which do you think is used for public radio? 

• Double Sideband - Suppressed Carrier Modulation 

• Full Amplitude Modulation 

Requires synchronous demodulation 

Carrier wave transmission wastes power 
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Multiplexing:  Sending signals 
simultaneously over the same channel 

Frequency-division 
Multiplexing (FDM) 

How does the circuit for asynchronous 
demodulation work? 

Figure from Oppenheim and Willsky.  Signals & Systems (1997)  
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How does the circuit for asynchronous 
demodulation work? 

Figure from DeCarlo/Lin.  Linear Circuit Analysis (2001) 


