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1. What does NEC stand for and who or what is the AHJ? 

2. What does the term “single point grounding” mean? 

3. Is it safe to have a separate ground for your ham shack? 

4. Does your TV flicker every time you key your transmitter? 

5. Is bonding different from grounding? 

6. Should ALL antenna’s be grounded? 

7. Is it OK to connect ALL grounds to the green-wire house 

ground? 

8. What if I told you have 340 volts PEP in your house? 
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Topics to be covered 

 

 NEC® and Amateur Radio (A brief look) 

 vs 

 Electrical   

   . (

 

Part 2 (next week) of this presentation 

Ken Mitchell, KD2KW will take you outside the shack  

and continue with antenna grounding and lightning 

protection. 
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Amateur Radio activities are not inherently 

dangerous, but like many things, it pays to be 

informed. 
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 Station grounding is a much beaten-up subject. Hardly a day 

goes by that there isn't a question posted on a ham radio 

board or reflector asking about 

 The subject has been discussed so often, that anyone asking 

a question either has not been paying attention for the past 

several decades or everyone is a expert on the subject. 
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 The National Electrical 

Code® –NEC® is a not 

written for the layman or is 

it meant to be easily 

understood by those not in 

the electrical trade. 

 The NEC® is not concerned 

with a system performance 

. 
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– The purpose of this Code is the 

practical safeguarding of persons and property from 

hazards arising from the use of electricity. 

– This Code contains provisions that are 

considered necessary for safety. Compliance and proper 

maintenance results in an installation that is essentially 

free from hazard but not necessarily efficient or 

adequate for good service, or future expansion of 

electrical use. 

-This Code is not intended to be a design 

specification or to be an instruction manual for 

untrained persons. 
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 Chapter 1 – General 

 Chapter 2 – Wiring and Protection 

 Chapter 3 – Wiring Methods and Materials 

 Chapter 4 – Equipment for General Use 

 Chapter 5 – Special Occupancies 

 Chapter 6 – Special Equipment 

 Chapter 7 – Special Conditions 

 Chapter 8 – Communications Systems 

 Chapter 9 – Tables  
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 “This Code is intended to be suitable for mandatory 

application by government bodies that exercise legal 

jurisdiction over electrical installations, including signaling 

and communications systems. 

 “The authority having jurisdiction for enforcement of the 

Code has the responsibility for making interpretations of 

the rules, for deciding on the approval of equipment and 

materials, and for granting the special permission in a 

number of the rules.” 
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Radio and Television Equipment 

This article covers: 

 Antenna systems for radio and television receiving 

equipment,  

 Amateur and citizen band radio transmitting and receiving 

equipment, and certain features of transmitter safety. 

 Antennas such as: 

• Wire-strung (dipoles, long wire, end-feds, OCFD) 

• Multi element (Yagi’s, quads) 

• Vertical rod (verticals) 

• Satellite dish 

• Wiring and cabling that connect equipment together. 
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 Enforceable by the AHJ (Authority Having Jurisdiction).   

 Interpretation by the AHJ through its enforcement. 

 And who is the local AHJ? . 
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The terms and are often 

used interchangeably as general terms in amateur 

radio to imply or mean that a specific piece of 

electrical equipment, structure, or enclosure is 

somehow referenced to earth. 

 

In fact, and have 

completely different meanings and employ 

different electrical installation methodologies. 
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is a method by which all electrically conductive 

materials and metallic surfaces of equipment and structures, 

not normally intended to be energized, are effectively 

interconnected together via a low impedance conductive 

means and path in order to avoid any appreciable potential 

difference between any separate points. 
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is a method by which all electrically conductive 

metallic surfaces are tied together to avoid a potential shock 

hazard. 
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  is a term developed by the United Kingdom and 

part of the British Electrical Code and is employed in 

Europe or other countries that employs International 

Electric Commission (IEC) standards.   

 The term in European or IEC countries is 

synonymous with the term “grounding” in North America. 
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  is a term used rather exclusively in North 

America to indicate a direct or indirect connection to the 

planet Earth or to some conducting body that serves in 

place of the Earth.   

 The connection(s) to Earth can be intentional or 

unintentional by an assortment of metallic means intended 

to be employed as a designated grounding electrode. 
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A 4 to 8 foot 
Ground Rod is 
your connection 
to earth ground. 

. 

(cont’d) 

 A designated  electrode is the device that is 

intended to establish the direct electrical connection to the 

earth.   

 A common designated  electrode is often a 

copper clad or copper clad steel rod. 
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is attaching a conductive wire to a piece of 

equipment and then connecting that wire to a ground 

terminal.  
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Green 

ground wire 

House 

Ground 
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As hams we are concerned with at least five types of . 

1.  Electrical  

2.  Common reference potential  

3.  Internal . 

4.   (Actually this is #2) 

5.  Lightning  system 

These systems are for the most part mutually exclusive! That 

is  fulfill five distinct functions. The best  for one 

function isn't necessarily the best for another. 

And you need to design your system with this in 

mind, or one function may inhibit or nullify the other! 
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Don’t forget your house has a  . You need to 

fully understand the grounding system in your home.  
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Your house 

Ground 

Every appliance 

and piece of ham 

gear is attached to 

your house 

ground system. 
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  or  is required by building 

codes to ensure the safety of life and property surrounding 

electrical systems. 
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Green 

ground wire 

House 

wiring 

The term used for the "third prong" or 
is the . 

The conductive cases of equipment are required to 
be connected to a , which is also 
connected to . 
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“common reference potential”  

Hams for decades have been advised to bond all equipment 

cabinets to a  . This is actually . 

That’s good, but it also creates problems. We now have two 

grounds, house   and  tied to two 

different points. 
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Green 

ground wire 

House 

wiring 
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This is your  

  or  
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“Trade-offs” 

 in a perfect world: 
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 in the real world: 

 
Possible 

Gnd. Loop 
Possible 

Gnd. Loop 

Resistance 
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is an old term use to refer to things like equipment 

enclosures. This goes back to the days when everyone had a 

long-wire for an antenna.  

There’s no  . Think of this as . 

Design your  system to create a ”common reference 

potential”, called the “reference plane.” 

We are trying to minimize RF current that could flow between 

pieces of equipment and into the house wiring. 
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Some hams think that   ( ) should be 

isolated from the .  That is not true! This is 

old school thinking again. 

ALL , including: 

 or

   

  must be together; this is a very important 

safety feature as well as an  requirement. 

Use  rods as a bonding point. 
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Having multiple  rods spaced far apart is actually a 

desirable feature. 

A larger surface contact area with the  helps reduce 

“ground loops” by using the following:  

• 8 ft. copper clad rods. 

• Multiple ground rods  together (provides the best 

coverage). 

All must be  together. 

Remember, to calculate the length so the runs will not be a 

harmonic wavelength of any frequency you plan to use. 
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A simpler version is used when the above formula is modified by rounding 
(pi) down to 3 and cross canceling to get the formula: V= 𝟓𝑳𝟑 

In this example, a single 10-foot driven rod would utilize 5,000 cubic feet of 
soil, where as a single 8 foot rod would utilize about half the soil at 2,560 cubic 
feet. 
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 Use the sphere of influence measurements when possible. 

 Use Copper straps or the largest stranded AWG wire 

possible. 

• Ground rod to rod connection use at least #6 AWG or 

larger. 
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 AWG gauge Conductor Dia. Inches Ohms per 1000 ft. 
 0000 0.4600 0.0490 
 000 0.4096 0.0618 
 00 0.3648 0.0779 
 0 0.3249 0.0983 
 1 0.2893 0.1239 
 2 0.2576 0.1563 
 3 0.2294 0.1970 
 4 0.2043 0.2485 
 5 0.1819 0.3133 
 6 0.1620 0.3951 
 7 0.1443 0.4982 
 8 0.1285 0.6282 
 9 0.1144 0.7921 
 10 0.1019 0.9989 
 11 0.0907 1.2600 
 12 0.0808 1.5880 
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flows through the bulk of the conductor. 

flows on the outer skin of a conductor. 

• Remember the term “Skin-effect”? 

• The larger the wire the more surface area. 

• Stranded wire has more surface area than solid wire of the 

same AWG gauge. 

• Tubular conductors, like copper pipe, can be  larger and 

lighter with a greater surface area. 

• .5” Copper pipe has a greater surface area than 0000 

gauge wire. 
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Circumference (C) equals the diameter (d) times Pi. 

𝐶 =  𝜋𝑑 

0000 AWG gauge wire has a diameter of 0.4600”. 

𝑪 = 𝟑. 𝟏𝟒𝟏𝟓𝟗 ∗ 𝟎. 𝟒𝟔𝟎𝟎" = 01.445” 

Tubular conductors, like copper pipe, can be  larger and lighter 

with a greater surface area. 

𝑪 = 𝟑. 𝟏𝟒𝟏𝟓𝟗 ∗ 𝟎. 𝟓𝟎𝟎𝟎" =  𝟏. 𝟓𝟕𝟎𝟕” 
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Multiple Grounds will cause: 
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• Microphone bites ( RF Shock) 

• RF shock when touching  

 metallic objects 

• Crazy SWR meter readings 

• PC monitor jitters 

• RFI in home appliances 

• Fuzzy audio modulation 

• Fluorescent light flicker 

• Power supply jitters 

Unsafe 
Bonding 
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Gnd Gnd 

Gnd 

Gnd 
Gnd 

Gnd 

Gnd 

Gnd 

It all ties 
together here. 
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connect your to your house 

 without an earth .

connect your vertical counter-poise (the 

other half of the antenna) to your house .  
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1. What does NEC stand for and who is the AHJ? 

2. What does the term “single point grounding” mean? 

3. Is it safe to have a separate ground for you ham shack? 

4. Does you TV flicker every time you key your transmitter? 

5. Is bonding different from grounding? 

6. Should ALL antenna’s be grounded? 

7. Is it OK to connect ALL grounds to the green-wire house 

ground?  

8. What if I said you have 340 volts PEP in your house? 
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The A.C. power supplied to your house is measured in RMS volts 

or Root Mean Square. That is 120 volts RMS. 

First convert RMS to Peak Voltage: 

RMS * 1.414 = 169.68 Volts Peak 

 

Now convert Peak voltage to Peak-to-Peak or (PEP).: 

Peak * 2 = 339.36 Volts PEP 

(Peak Envelop Power) 
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Grounding and Reducing Noise in Your Radio Station: Xtal Staff 

Station Grounding “Will we ever be able to dispel the myths?”; Steve 

Katz, WB2WIK; August 17, 2004 

Tower and Station Grounding; Maurice Martin, KM5RF; Southwest 

Dallas County Amateur Radio Club,1/17/2017 

Station Grounding “Will we ever be able to dispel the myths?”; Steve 

Katz, WB2WIK; August 17, 2004 

Antenna System Bonding and Grounding Requirements in the USA; 

Whitham D. Reeve (2012 W. Reeve) 
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 IEEE Standard 142™ -2007, “IEEE Recommended Practice for 

Grounding of Industrial and Commercial Power Systems”,  

 IEEE Standard 80™ - 2000 “IEEE Guide for Safety in AC 

Substation Grounding” 

 IEEE Standard 81™  -1983 “IEEE Guide for Measuring Earth 

Resistivity, Ground Impedance, and Earth Surface Potentials 

of a Ground System”,  

 IEEE Standard 1100™-2005 – “IEEE Recommended Practice for 

Powering and Grounding Electronic Equipment”,  

 IEEE Standard 446™ -1995 “IEEE Recommended Practice for 

Emergency and Standby Power Systems for Industrial and 

Commercial Applications” (Chapter 7). 
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 NFPA 70, 2011 Edition - National Electric al Code® (NEC®) 

[Articles 250, 690, & 702] 

 IEEE Standard 2012™ - National Electrical Safety Code 

(NESC) 

 NFPA 780, 2011 Edition – Standard for the Installation of 

Lightning Protection System 

 UL 96A – Installation Requirements for Lightning Protection 

Systems 

 UL 467 – Bonding and Grounding Equipment 
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• NFPA 70 , (NEC Article 250 & NEC Article 517) 

• NFPA 99 , (Chapter 4 and Chapter 8) 

• IEEE Standard  80 (IEEE Guide for Safety in AC Substation 

Grounding) 

• IEEE Standard  81 (IEEE Guide for Measuring Earth Resistivity, 

Ground Impedance, and earth Surface Potentials of a Ground 

System)   

• IEEE Standard 142 (IEEE Recommended Practices for Grounding of 

Industrial and Commercial Power Systems) 

• IEEE Standard  446, Chapter 7 (IEEE Recommended Practice for 

Emergency and Standby Power Systems for Industrial and 

Commercial Applications) 

• IEEE Standard  601, Clause 3.6 and Chapter 6 (IEEE Recommended 

Practice for Electrical  Systems in Healthcare Facilities)
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 IEEE Standard  1100 (IEEE Recommended Practice for Powering and 

Grounding Electronic Equipment) 

 NEC Article 250 (Contrary to popular belief, there are no testing 

or maintenance requirements in Article 250.) 

 NFPA 99, Chapter 4 – Electrical System Requirements (Paragraph 

4.3.3 – “Performance Criteria and Testing”)  

 NFPA 99, Chapter 8 – Electrical Equipment (Paragraph 8.4.1.3 – 

“Testing Requirements”)  

 IEEE Standard  81 (IEEE Guide for Measuring Earth Resistivity, 

Ground Impedance, and earth Surface Potentials of a Ground 

System)   

 IEEE Standard 142, Chapter 4 (IEEE Recommended Practices for 

Grounding of Industrial and Commercial Power Systems) 

 IEEE Standard  601, Clause 6.8.6.e – Field inspection procedure 
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National Electric Code®, 2011 Handbook 

Applying the NEC® to Amateur Radio, Tim Kuhlman, KD7RUS. 

ARRL Handbook, 2014; Chapter 28 Safety. 

The Tech Bench Elmer’s, Amateur Radio Society, KF6GDJ. 

Grounding Systems in the Ham Shack; Jose I. Calderon, DU1ANV; 

Makiling Amateur Radio Society. 

Antenna System Bonding and Grounding Requirements in the USA;  

Whitham D. Reeve, 2012. 

Grounding and Bonding For Home HF Stations; Ward Silver, N0AX 

Grounding and Reducing Noise in Your Radio Station: Xtal Staff 

 

Slide - 52 



& Slide - 53 Slide - 53 


