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 First licensed in 1992 as KB5VMA 

 Worked A5USA during the Vietnam conflict running phone 

patches for service personnel. 

 Degree in Computer Science and Electrical Engineering. 

 Other call signs I have used are: 

 K5KMR 

 WC5TX 

 Retired from Verizon in 2003. 

 Clubs I am affiliated with: 

• Denton County Amateur Radio Association ( ) 

• The Lake Area Amateur Radio Klub ( ) 
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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 your ham shack? 

4. Does your TV flicker every time you key your 

transmitter? 

5. Does your mic bite your lip when you get close to it? 

6. Is bonding different from grounding? 

7. Should ALL antenna’s be grounded? 

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

ground? 

9. Would you believe me if I said you have 340 volts PEP in 

your house? 
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Topics to be covered 

 Applying NEC® to Amateur Radio 

 Grounding vs Bonding (Inside the shack) 

 Electrical Safety Grounding & Bonding 

 Radio Frequency (RF) Grounds 

 

Ken Mitchell will be covering  

 Grounding vs Bonding (Outside the shack) 

 Lightning Facts 

 Single point Ground & Station Grounds 
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Do to time limits we will not be able to go 

into any real detail on: 

 

Grounding Standards 

 

 in the shack. 
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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  
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 Funny part is, the subject has been so discussed, 

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 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 as a design 

specification or instruction manual for untrained 

persons. 
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 The National Electrical Code® –  is a not written for 

the layman or meant to be easily understood by those not in 

the trade. 

 The  is not concerned with a system performance 

unless it directly affects safety. 
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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 used for mandatory application 

by government bodies that exercise legal jurisdiction over 

electrical installations, including signaling and 

communications systems. Insurance inspectors also us this 

document.” 

 “The authority having jurisdiction for enforcement of the 

Code has the authority to interpret the rules, when deciding 

on the approval of equipment and materials, and for granting 

permission based on rules that might apply.” 
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 Enforceable by the AHJ (Authority Having Jurisdiction).   

 Interpretation by the AHJ through its enforcement. 

 And who is your 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 are 

effectively interconnected together via a low 

impedance conductive and path in order to: 

Avoid any appreciable potential difference 

between separate points. 

The common means to effectively  different 

metallic surfaces and enclosures is with a copper 

conductor. 
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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.   

 A designated grounding electrode is the device that is 

intended to establish a direct electrical connection to the 

earth.   
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  is a term developed by the United 

Kingdom and part of the British Electrical Code and 

is employed in Europe and other countries that 

follow the International Electric Commission (IEC) 

standards. 

 It is synonymous with the term “ ” in 

North America. 
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1.   Electrical safety

2.   Common reference potential 

3.   Internal 

4.  

5.   
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These five system  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 must design your   and 

system with this in mind, or one function may 

inhibit or nullify the other! 
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  or ground is required 

by building codes to ensure the safety of life 

and property surrounding electrical systems.  

  must be together; this is a 

very important safety feature as well as an 

 requirement.  
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 The purpose of the third wire is to provide a 

path to ground in the event of a line-to-case 

short circuit in a piece of equipment. 

 The conductive case of equipment is required 

to be connected to the , which is 

also connected to at the service 

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

is the "electrical safety ground.“ 
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Hams for decades have been advised to bond all equipment 

cabinets to and . 

That’s good, but not easily achieved. Even a few feet of wire can 

have an impedance of several ohms depending on the wire 

gauge used. 
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Copper Wire Resistance and Voltage Drop 
 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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is the term usually used to refer to things 

like equipment enclosures. This goes back to the 

days when the long-wire antenna was king. 

Today we have a lot of circuits that are sensitive to 

interfering signals at millivolt levels. 

We should design our  systems to create a 

common reference potential, called the “reference 

plane.” 

This minimizes RF current that would flow between 

pieces of equipment. 
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Some hams think that   should be isolated 

from the .  That is not true! 

ALL , including safety, RF, and lightning must 

be  together in order to protect life and 

property. 

 rods must be used as the bonding point. 
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A popular misconception is that all radio antenna systems 

should be grounded to enhance their radio performance. 

To think that grounding an antenna will automatically make it a 

better communicationing device is false! 

Think about this for a moment! Think in terms of "radio 

frequency wavelength", or fractions of wavelength at ¼ 

wavelength increments. 

 On the longer wavelength bands an   is not only  

reasonable but, it is fundamental to getting the best 

communications performance from your radio station. 

 However, at the higher HF bands (shorter wavelengths) an  

 might impair your signal if your ground lengths are ¼ 

wavelength long. 
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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”. 

All must be  together.  

Calculate the distance between ground rods. Make sure the 

runs are not a harmonic wavelength of any frequency you 

plan to use. 
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 Keep the runs as short as possible. 

 Use Copper straps or the largest stranded 

AWG wire possible. 

• Tie ground rods together with at least #6 

AWG or larger. 

• Equipment interconnects use least #10 AWG 

or larger. 
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flows through the bulk of the 

conductor. 

flows on the outer skin of the 

conductor. 

• Remember the term “Skin-effect”? 

• The larger the wire the more surface area. 

• Tubular conductors, like copper pipe, can be  

larger and lighter. 
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The surface area of ½” copper pipe is 1 ½” 
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Multiple Safety Grounds will cause: 

This is a case of   
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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 ground.  
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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. Does your mic bite your lip when you get close to it? 

6. Is bonding different from grounding? 

7. Should ALL antenna’s be grounded? 

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

ground? 

9. What if I said you have 340 volts PEP in your house? 
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Service Provider: 120 volts RMS 

120 * 1.414 = 169.68 gives you Peak Voltage 

169.68 * 2 = gives you 339.36 volts PEP 
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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. 
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Grounding and Reducing Noise in Your Radio Station: Xtal Staff 

The Differences Between and Purposes for Bonding, Grounding, and 

Earthing in North American Power Distribution Systems; S. Frank 

Waterer-EE, Fellow Schneider Electric Engineering Services, LLC 

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

Katz, WB2WIK; August 17, 2004 

W5YI  Amateur Technician Class Element 2 Presentation, chapter 20  

Safety 

Tower and Station Grounding; Maurice Martin, KM5RF; Southwest 

Dallas County Amateur Radio Club,1/17/2017 
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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 Electrical 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 Bonding & Grounding of Electrical Systems 

 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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