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The 
DARTMOUTH 
Green



Chen, Stephen. The Dartmouth Green in Summer. Nov. 2017. 



https://home.dartmouth.edu/events/commencement/families/main



https://home.dartmouth.edu/news/2023/10/homecoming-weekend-tours-treats-teams-and-traditions



Photo by Eli Burakian, January 2022 <https://home.dartmouth.edu/news/2023/12/ice-skating-returning-green-winter>



Dartmouth Loves 
the Outdoors



Excited!



Puzzled



There’s a lot 
of wires in 
wireless





https://www.thedartmouth.com/article/2023/01/college-to-install-wi-fi-
on-the-green-cut-back-campus-tv-streaming-access



u Design for 400 casual users (email, web.  Some VoWiFi, some video playback)

u 1600+ simultaneous users on homecoming night





Predictive 
Design



Validation 
Survey



Outdoor Wi-Fi

Hybrid
Power + Fiber

Cabling





How long can a twisted-pair
Ethernet cable be?  

Cat6A, 23AWG Solid, 1000Base-T, 30W PoE
u 100m (328 ft)

u At 20 deg C (68 deg F)

u 90m (295ft) – BICSI TDMM 14 Chapter 5-17

u 5m (16ft) patch cord allowance on each end

u 84m (275ft)

u 3m (10ft) service loops on each end

u 75m (250ft)

u Because nothing is ever a perfectly straight line



How long can a 
fiber optic cable be?

2009 Alcatel-Lucent

100Gbps over 7000km

Typical Enterprise:

OS2 SMF, 1000Base-LX, 1310nm

u 10km

But what about power?



DISCLAIMER

I AM NOT A
LICENSED ELECTRICIAN NOR A 

LICENSED PROFESSIONAL 
ELECTRICAL ENGINEER

NONE OF THE CONTENT IN THIS 
PRESENTATION IS INTENDED TO BE 

USED FOR CONSTRUCTION WITHOUT 
PROPER REVIEW BY A PROFESSIONAL 

ENGINEER



National Electrical Code

u Chapter 9, Table 8 “Conductor Properties”

u It’s as complicated as the MCS Index tables…

u Need to know

u Wire size (in AWG or mm2)

u Solid or Stranded

u If Stranded, how many strands?

u Copper or Aluminum (Hint: you should use copper)

u Insulated (Coated or Uncoated)



Voltage Drop

u That gives you resistance in Ohms per foot of wire
u At 75 degrees C (167 degrees F)

u You then need to do math to determine length of wire
u Based on Voltage

u Amperage (Current Drawn)

u And the resistance per foot value

u This gives you Voltage Drop
u How much voltage loss is acceptable in your applications



Calculators
Exist



PoE Voltage Drop

u 802.3af, 15.4W (802.3 Clause 33 Table 33-18)

u Type 1 Devices 37V to 57V

u 802.3at, 30W (802.3 Clause 33 Table 33-18)

u Type 2 Devices 42.5V to 57V

u 802.3bt, 99.9W (802.3 Clause 145 Table 145-29)

u Depends on the specific PoE Device class

u 44.3V to 57V

u Design for nominal range 48V DC to 56V DC





https://www.bluesea.com/products/20010/Wire_Fuse_and_Fuse_Holder_Selection_Chart

$3.50 per foot Cat6A: 87¢ per foot

120V, 15A



Other 
Considerations

Waterproof Underground 
Rated

Sunlight/UV

Rodent-Proof Flexibility & 
Bend Radius

Temperature

Ease of 
Install

Practicality



What if we could run 
the power as far as 

the data?



Powered Fiber



https://www.commscope.com/product-type/networking-systems/powered-fiber-cable-systems/



Commscope Powered Fiber Cable

12AWG or 16AWG
Copper Conductors

2, 4, or 12 strands
SMF or MMF

Indoor/Outdoor and
Direct Burial Rated



Commscope PoE Extender
(Media Converter + PoE Injector)

IP68 Dust/Water Rated
Pole Mount in Sunlight OK
NOT Direct-Burial Rated
NOT REMOTE MONITORABLE

Powered Fiber In

1x or 2x
1Gbps, 30W PoE
Ethernet Out
802.3af/at compliant















Environmental 
Considerations

u Temperature-Rated (Industrial) SFP Modules

u Converters are “exposed” to outdoor 
temperatures

u Drainage

u IP68 = Waterproof only to what the 
manufacturer states

u Accessibility vs Security

u Special wrench, can get locking bolts

u Traffic Resistant

u Bigger than you think, long lead time



Cable from Extender to AP

u Outdoor rated

u Waterproof

u Sunlight/UV Resistant

u 300V insulation or better

u Approved by local inspector to coexist with 
power wiring inside the lamp post

u NO BOOTS



Pole Mount APs

u Permaband

u Used for Traffic Signals

u Unistrut

u Pole Mount Kits

u Duct Seal is your New Friend



Yes, But How Long?

u My Farthest AP: 1,200ft

u PFC: 12AWG, 4 Strand SMF

u 1Gbps, Class 3 30W PoE

u 6,443.57 ft – OVER A MILE
u Nearly 20x Copper Ethernet

u Class 0 PoE (15.4W)

u 10,442.91 ft
u Class 6 PoE (60W), or 2x 30W

u 3,215 ft



Could you DIY?



Do it Yourself

u Power Supply
u Mean Well DHP-1U

u Unipower Aspiro 1U M35

u Can run separate fiber optic cable and 2x 12AWG wire in conduit
u Or run direct burial rated fiber and UF rated power cable without conduit



Do it Yourself

u Use any remote-side media PoE converter

u Lantronix SISPM1040

u TrendNet TI-PF11SFP

u Mikrotik RB5009UG

u Perle S-110HP   802.3bt 100W PoE



Free Standards!

u National Electrical Code (NFPA 70)

u Create a free, personal account and sign in.

u https://www.nfpa.org/codes-and-standards/7/0/nfpa-70

u Then scroll down and click the Free Access button

u Most local laws refer to OLDER editions of the NEC.
Make sure you are using the correct one for your area!

https://www.nfpa.org/codes-and-standards/7/0/nfpa-70


Free Standards!

u IEEE 802

u 802.3, 802.11, etc.

u Available via IEEE GET.  Create a free, personal account and sign in. 

u https://ieeexplore.ieee.org/browse/standards/get-
program/page/series?id=68

u Click on the standard you want to read, then click the PDF button

u Higher Ed?  You often have access to ALL IEEE Standards thru your library!  
Look for the Institutional Sign In button

https://ieeexplore.ieee.org/browse/standards/get-program/page/series?id=68
https://ieeexplore.ieee.org/browse/standards/get-program/page/series?id=68


Free Standards?

u BICSI Telecommunications Distribution Methods Manual
u BICSI standards are usually not required by law

u They are industry best-practices

u You need to pay for the document…  It’s worth it!

u 15th Edition just came out.  14th edition came out in 2020.

u You can hire a Registered Communications Distribution Designer 
(RCDD) who is certified in these design practices

u Hire BICSI Certified Installers to do the installation work



Commscope Powered 
Fiber Cable Solution

https://www.commscope.com/product-type/
networking-systems/powered-fiber-cable-systems/

Thank You!

https://www.commscope.com/product-type/networking-systems/powered-fiber-cable-systems/
https://www.commscope.com/product-type/networking-systems/powered-fiber-cable-systems/


Thank You!


