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1950S VOCABULARY
➤ “intelligence” == “information”

➤ “cycles” == “hertz”*

*(adopted by the General 
Conference on Weights and 
Measures in 1960)
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AMPLITUDE 
MODULATION (AM)
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AMPLITUDE 
MODULATION (AM)➤ Advantages?

➤ Disadvantages?

➤ How do we fix it?
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FREQUENCY 
MODULATION (FM)
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FREQUENCY 
MODULATION (FM)➤ Advantages?

➤ Disadvantages?
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SHANNON-HARTLEY THEOREM

25



SHANNON-HARTLEY THEOREM
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C is the channel capacity in bits per second, a theoretical upper bound on the net bit rate (information rate, sometimes denoted I) excluding error-correction codes;
B is the bandwidth of the channel in hertz (passband bandwidth in case of a bandpass signal);
S is the average received signal power over the bandwidth (in case of a carrier-modulated passband transmission, often denoted C), measured in watts (or volts squared);
N is the average power of the noise and interference over the bandwidth, measured in watts (or volts squared); and
S/N is the signal-to-noise ratio (SNR) or the carrier-to-noise ratio (CNR) of the communication signal to the noise and interference at the receiver (expressed as a linear power ratio, not as logarithmic decibels).
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SHANNON LIMIT
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Example: Optical fiber channel linking US and China
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Presentation Notes
The Shannon limit or Shannon capacity of a communications channel is the theoretical maximum information transfer rate of the channel, for a particular noise level.



RADIO SUMMARY
➤ Analog radio

➤ Your radios use a digital protocol!

➤ Abstraction…
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NORDIC NRF24L01+
➤ Packet-based communication

➤ Enhanced ShockBurst™

➤ Radio runs on 3.3V!
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3.3 VOLTS
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NORDIC NRF24L01+
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➤ Radio runs on 3.3V!
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OSI MODEL
➤ Open Systems Interconnection model 

➤ Abstraction hierarchy for networks
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OSI MODEL
➤ Open Systems Interconnection model 

➤ Abstraction hierarchy for networks
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ENHANCED SHOCKBURST™
➤ Packet-based

➤ Handles retries
➤ Handles ACKs
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OSI MODEL
➤ Open Systems Interconnection model 

➤ Abstraction hierarchy for networks
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OSI MODEL
➤ Open Systems Interconnection model 

➤ Abstraction hierarchy for networks
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Protocol (Enhanced ShockBurst™)

TCP/IP



46



47



48



ALL OF THIS IS DONE FOR YOU!

YOUR LIFE MADE EASY 
(BY ABSTRACTION)
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Go build robots!



➤ Abstraction image: http://theembeddedguy.com/wp-content/uploads/2016/05/Layers-of-
Abstraction.jpg

➤ Claude Shannon video: https://www.youtube.com/watch?v=vPKkXibQXGA

➤ Frequency Modulation video:  https://www.youtube.com/watch?v=gfz1FbIOMbs

➤ Radio stations in Ithaca: https://radio-locator.com/cgi-
bin/locate?select=city&city=Ithaca&state=NY&band=Both&dx=0&sort=freq

➤ Shannon-Hartley Figure:
https://electronics.stackexchange.com/questions/234735/maximum-bit-rate-of-a-noise-
less-channel

➤ Shannon Limit Figure: http://www.gazettabyte.com/home/2012/5/15/the-capacity-
limits-facing-optical-networking.html

➤ OSI Model: https://maidsafeplatform.files.wordpress.com/2015/02/maid-osi.png
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