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< (i) WITH 90.1 FM 10.0 mi.ggd Ithaca. NY Public Radio

@ WSQG 90.9 FM 10.0 mi.gg@ lthaca. NY Public Radio
i) wICB 91.7FM 1.8 mied lthaca. NY lthaca College College
@ W221CW (WSQG) 92.1 FM 10.0 mi.g@ lthaca. NY Public Radio
(i) WVBR 93.5FM 2.7 mi.ggd lthaca, NY Rock
@ W231DK (WNYY-AM) 94.1 FM 3.8 mi.md lthaca, NY Oldies
@ W235BR (WQNY) 949 FM 3.8 mi.mg lthaca, NY Country
@ WFIZ 95.5FM 9.5 mi.g@ Odessa. NY Top-40
(i) W240CB (WQNY) 959 FM 3.8 mi.d Ithaca, NY Country
@) W242AB (WYXL) 96.3 FM 3.8 mi.g@ lthaca. NY Adult Contemporary
(1) W244CZ (WYXL) 96.7 FM 3.8 mi.mgd lthaca, NY Adult Contemporary
(1) WYXL 97.3FM 6.6 mi.sg Ithaca, NY Adult Contemporary
@ wil 99.9 FM 19.2 mi.gg Cortland, NY Classic Rock
@ W262AD (WIII) 100.3FM 3.8 mi.g@ lthaca. NY Classic Rock
4 (i) W269AW (WMHR)  101.7FM 2.1 mi.gd Ithaca, NY Religious
4 (1) W272DY (WZXV) 102.3FM 2.7 mi.g@ East lthaca, NY Religious
@) wW277BS (WQNY) 103.3FM 3.8 mi.@ lthaca, NY Country
@ WQNY 103.7FM 9.5 mi.g Ithaca, NY Country

- State University of . .
< (1) w283BQ (WRVO) 1045 FM 4.1 mi.gd lthaca, NY N m,.ti,..,.. Public Radio
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88 83 90 91 92 93 94 95 95 97 93 99 100 101 102 103 104 105 1068 107 108

We found 2 vacant channels on the FM dial in Ithaca, New York.

The graph above shows the predicted interference from other stations at each frequency on the FM dial. Red indicates
strong interference, green indicates a weak interference.

Vacant Channels Next Best Channels Third Best Channels

101.1 FM BEST! 89.7 FM GREAT 029 FM GOOD

106.5 FM BEST! 97.7 FM GOOD
089 FM GOOD

100.7 FM GOOD
102.7 FM GOOD
106.3 FM GOOD

Attention: Before transmitting on an FM frequency, always check to see if the channel is truly vacant by listening with an FM radio.
Your audio device will work best on an empty channel and you will be less likely to cause interference with other people's radio

reception.
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SHANNON-HARTLEY THEOREM

bandwidth of the
channel

/
C=Blog, (1+S/N)

/ N

Channel capacity signal-to-noise
in bits/s ratio
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Presentation Notes
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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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);
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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.
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NORDIC NRF24L01+

» Packet-based communication
» Enhanced ShockBurst™

» Radio runs on 3.3V!
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N 0 R D I c NRF241L01 Product Specification

> SEMICONDUCTOR
7 Enhanced ShockBurst™

Enhanced ShockBurst™ is a packet based data link layer. It features automatic packet assembly and tim-
Ing, automatic acknowledgement and re-transmissions of packets. Enhanced ShockBurst™ enables the
Implementation of ultra low power, high performance communication with low cost host microcontrollers.
The features enable significant improvements of power efficiency for bi-directional and uni-directional sys-

tems, without adding complexity on the host controller side.
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ENHANCED SHOCKBURST ™

» Packet-based
» Handles retries
» Handles ACKs
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Preamble 1 byte

Address 3-5 byte

Packet Control Field 9 bit

Payload 0 - 32 byte

CRC 1-2
byte

Figure 4. An Enhanced ShockBurst™ packet with payload (0-32 bytes)




Preamble 1 byte

Address 3-5 byte

Packet Control Field 9 bit

Payload 0 - 32 byte

CRC 1-2
byte

Figure 4. An Enhanced ShockBurst™ packet with payload (0-32 bytes)




Payload length 6bit PID 2bit NO ACK 1bit

Figure 5. Packet control field



ALL OF THIS IS DONE FOR YOU!

YOUR LIFE MADE EASY
(BY ABSTRACTION)
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» 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=gfz1FbIOMDbs

» 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.htm|

» OS| Model: https://maidsafeplatform.files.wordpress.com/2015/02/maid-osi.png
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