




The Great Ground Mystery
What is a “Ground”?
• RF? AF? AC power? Lightning? signal?
What is a “Ground Loop”?
 - this could drive us loopy
So called grounding is an engineering problem!
• opƟmizaƟon: safety, performance, cost
• we must use a systems approach
• our staƟon should be planned for growth, improvement

In part  1 we will look at basics
• what currents, what paths?
•  understand the effect of unwanted currents
So what do we do about it?
In part  2 we will build up a staƟon
• with an eye to controlling currents
• to opƟmize safety and performance



Back-ground:  What is “Grounding?”
Whether we like it or not:

We have many currents sharing common conductors
1. there is nothing mysterious or magical about “ground”

2. common conductors should present a low Z path for 
intended currents but block or dissipate unwanted currents

3. common paths (“grounds”) can be compaƟble

4. common path systems must be carefully integrated

5. we must plan the enƟre system  for common conductors



Confusing and conflicƟng informaƟon
This looks fine to me! - or does it? (this picture is very misleading)
Can you get your foot caught in a ground loop?

hƩp://kc.flexradio.com/knowledgebasearƟcle50426.aspx



Part 1.  Basics – stuff we know?

Current
• a flow of DC AC or an impulse <<charge, discharge
• where do we want or not want currents?
• conducted or induced
• can generate fields

Voltage
• a potential difference
• exists only due to current flow

or static charge

Skin Effect
• important for low Z RF paths
• braid or strap is useful
• not a great concern for AC

power or lightning



Inductance
• opposiƟon to current change
• micro Henries maƩer!
• can  be used for current control!
     i.e. choke unwanted RF currents
• could cause lightning HV rise

Reactance
• opposiƟon to AC but no power lost
• types inducƟve or capaciƟve reactance

Complete circuit
• what we usually expect
• even antenna RF or lightning

though not conƟnuous

Grounding
• oŌen misunderstood
• a path for “return” currents



To repeat – grounding is…
• oŌen misunderstood
• a path for return currents

Complete circuit showing grounds
• Small Wonder Labs PSK receiver
• “ground” carries AF, RF, DC bias, maybe AC line hum
• it could be a chassis, PC board “plane” or single point
• as long as “ground” has no resistance or inductance all is well 



…as long as “ground” has no resistance or inductance… 
Single point grounding example
• digital devices have current spikes which can get into analog circuits
• good bypassing may be all that is needed
• a full treatment uses a single point ground:
      - analog and digital circuit commons are connected together at one point
• any voltage drop in one return lead does not affect the other circuit



Ground Loop
• a needlessly confusing term
• any complete circuit is a loop!
• it is really a common current pathway
• it may be inevitable but not always

zero resistance or inductance
• current in one path may combine with 

current in another  = trouble

Bonding
• electrical industry term
• means “connected together”

AC mains safety ground
• ground rods or plate (see CEC)
• Ɵed to Neutral at panel only
• only one ground permiƩed
• carried to all equipment via bonding
• should not have current flow, but…

W8JI

why? how?

DC AC or an impulse 

looks like home?



usually #6 bare wire 
stranded

for metal tubing of course!



What should happen during a powerline surge

<surge ground current >



How lightning causes damaging currents
• think 20 kA in 20 microseconds mulƟple fast pulses
• strike may be indirect and do severe damage
• high earth currents can cause damaging voltage drops



de VA7JW

GPR  kV!



Ground PotenƟal Rise (GPR)
• conductors have resistance and inductance
• large capacitance to be charged in a short Ɵme
• GPR can result in arcs through cables or equipment

Consider point B/C as a reference…

(1) 10,000V drop across ground wire inductance

(4) 8000V from coax to AC “ground”

(2) 8000V across suppressor ground wire

TVs (radios) rise 2000V above cable  entry

(0) WHACK!



Lightning protecƟon
• heavy conductors straight to ground
• integrated bonding to power and RF grounds
• get professional advice also re insurance
• add a tower as a lightning rod?



Intended current paths:

1. AC powerline wiring
 - includes both heavy main and smaller safety wiring
 - conductors must be:   low Z for 60,120 Hz, harmonics 
 - need not (should not?) pass RF
 - doubles as low R path to reduce possibility of GPR due to lightning

2. Lightning protecƟon conductors
 -  conductors are low R but currents are very short in duraƟon
 -  must be low inductance also or else HV will develop an arc path
 -  should be integrated with  (bonded to) RF and power common

3. RF conductors, shielding and bonding
 - EM induced currents should pass freely back to antenna (source)
 - transmission line currents should stay in/on transmission line

4. DC (12V) staƟon bus 
 -  best isolated from other commons but also well bonded

5. Telephone and LAN wiring
 - must be kept balanced and of proper Z
 - intrudes into other equipment that must be protected



Unintended current paths: 
1. AC  powerline 

 - may forward unwanted HV spikes or common mode RF
 - need not (should not?) pass RF
 - line filters e.g. UPS recommended
 - added toroid/bead chokes may be needed

2. Lightning conductors
 - compaƟble with and similar to RF shielding  aims
 - few unintended currents, can only improve situaƟon

3. RF conductors, shielding and bonding - a big concern
 - keep RF off the outside of shields and enclosures
 - prevent RF travelling via common conductors
 - TX RF “pickup” is unintended but must be dealt with
 - in reverse the same issue results in extra RX noise

4. DC  staƟon bus
 - heavy conductors, good connecƟons reduce problems
 - staƟon supply filtering should bypass all RF
 - sƟll good to keep DC bus away from grounding bus

5. Telephone and LAN wiring
 - ripe for HV transients and RF
 - use surge protecƟon and RF chokes (don’t choke ADSL)



And one more…..Cross Coupling (next slide)
• called crosstalk when between cable pairs
• also leakage through coax shielding
• via capaciƟve coupling  (voltage difference)
• or inducƟve coupling (changing currents)
• also called common mode interference
• typical problem: antenna displacement (space) currents  induce RF on the 

outside of coax or other common conductors

How does this affect us?
• common “grounding” conductors carry currents
• may induce noise or RF into other conductors
• outside power or noise RF may enter shack, not good

What to do? 
• maintain balance in telephone, LAN;   also good shields on coax
• avoid close parallel runs between conductors which are not bonded
• space AC power runs physically where possible or run in EMT
• space DC power bus from RF Ɵe “ground” bus but bond at one point
• provide as much spacing as possible between antenna fields and shack



common mode choke
    (balanced line)

--------------------------
CM currents flow on outside of coax

(near end crosstalk)

Common mode currents



Twisted pair crosstalk
(due to imperfect balance)

--------------------------
CM currents flow on outside of coax

May interfere with other circuits

(near end crosstalk)

Cross coupling or Crosstalk

Currents leak to 
outside of coax 
or are induced



Conclusions – part 1
To review:
We have many currents sharing common conductors
1. there is nothing mysterious or magical about “ground”
2. common conductors should present a low Z path for 

intended currents but block or dissipate unwanted currents
3. common paths (“grounds”) can be compaƟble
4. common path systems must be carefully integrated
5.  we must plan the enƟre system  for common conductors

So what do we do about it?
In part  2 we will build a staƟon
• with an eye to controlling currents
• to opƟmize safety and performance
Your mental homework
• where does ESD (staƟc damage) fit in?



Part 2.  Your Station

#1 The little station that could…
• Steve/wGØAT on a hill doing SOTA
• where are his common or grounding conductors?
• safety?
• RF return paths?
• sunscreen?
• 5 paths?

1. AC  powerline 
2. Lightning conductors
3. RF conductors, shielding, bonding
4. DC  station bus
5. Telephone and LAN wiring



#2  Let’s bring that radio in the house
• now we have a radio with external 13.6 V power supply
• VHF vertical in the attic
• AC power from power bar
• 5 paths?   - likely no problems
1. AC  powerline  - more exposed
2. Lightning conductors – nil – safe?
3. RF conductors, shielding, bonding 

-single coax, no meters
4. DC  station bus - nil
5. Telephone and LAN wiring – nil 

VHF at low power is not as prone to 
causing RFI or TVI and not as susceptible
to noise from power conductors,
LAN, telephone.

Some form of lightning conductor
might be connected to coax shield
at antenna. Run to outside if possible.



#3  Now add HF antennas
• HF vertical on the ground near house
• HF end fed with matching transformer outside
• now we need an antenna switch, SWR meter, tuner
1. AC  powerline  - construct a common bus
2. Lightning conductors – tie to ground rod
3. RF conductors – keep away from audio

-good coax , tight connectors
4. DC  station bus – plan ahead (‘x’ wall warts?)
5. Telephone and LAN wiring (let’s do digital)

- provide grounding and surge suppression
  for PC , internet and telephone





ARRL Handbook ch.24

Strive for a single 
point  (common) 
connection.
 - ideally on the
   outside wall

- another drawing, same idea



From ARRL Handbook
- mulƟ outlet power box

- be sure circuit has adequate capacity



#4  I want a linear amplifier!
• a whole new set of concerns and problems
• higher current form AC mains
• higher power in all antenna components
• more RF to get into what it shouldn’t
• 5 paths?
1. AC  powerline 
2. Lightning conductors
3. RF shielding, bonding
4. DC  station bus
5. Telephone and LAN wiring





Linear amplifier wiring:  - 
reference slides





#5  Time for a tower
• this one takes planning and proper installation
• an opportunity for better grounding and lightning protection
• the best SPGP!
1. AC  powerline 
2. Lightning conductors
3. RF conductors, shielding, bonding
4. DC  station bus
5. Telephone and LAN wiring









From ARRL Handbook
- suggested grounding scheme, enƟre staƟon
-    note perimeter Ɵe, bonding to AC service



Reference slides
Supplier hardware for:
• copper bus bars and straps
• tower grounding 
• lightning arrestors
References with web links:
• manufacturer’s websites
• articles and presentations
• monumental papers on RFI

and…Motorola R56   STANDARDS AND GUIDELINES FOR COMMUNICATION SITES
This is the very last reference link and though long, is well worth reading. 
Chapters 3 and 4 are most relevant to amateur stations. If you could plan your entire 
house and station form the beginning you could have a commercial level shack!  
Chapter 8 has info on RFI.

Don’t be discouraged or overwhelmed by the amount of info out there.  Start small 
and apply sound electronic and installation guidelines. There are many ways to build 
and to solve problems and there will be a need to adjust later.
Get help and advice from professionals or other hams where needed.
73 and best of luck Peter VE6KK



Wire's main disadvantage is that it is round!  It has less surface area than strap or braid, and therefore is 
less efficient at handling RF currents where a low impedance ground path is needed, such as from a common ground 
buss or antenna tuner to a ground system.  For example, a 4awg wire and a 1.5" x .022" strap have the same cross-
sectional area (equivalent circular mils), and they're made from the same amount of copper,  but the 1.5" strap has 
4.7 times the surface area of the wire!

Braid's greatest advantage is its flexibility
Braid is the conductor of choice where flexibility is required.  It is sometimes used for electrically bonding parts of a 
vehicle, for example an exhaust pipe, door, or hood.  At tower sites, braid is good for bonding swinging gates or doors 
to a ground system - flexibility is a must in such an application.  Braid also has some degree of popularity for bonding 
amateur radio equipment to a common ground buss because of its flexibility.  Some people question the effectiveness 
of braid at radio frequencies.  The argument is that each strand of the braid weaves in and out, back and forth across 
the braid.  Currents must either follow that inductive weaving path, or "jump" from strand to strand where strands 
touch.  There are of course many individual strands in parallel, so overall inductance should be low.  

Strap's greatest advantage is its surface area
Copper strap (or strip) is the conductor of choice for low impedance RF ground connections.  Due to the skin effect, 
RF currents tend to flow along the outside "skin" of a conductor.  Copper strap has a large, smooth surface area to 
take full advantage of this effect.  For decades, copper strap has been widely used in the RF ground systems of 
broadcast sites.  
Lightning - Assuming lightning current is strictly DC, any copper conductor of similar cross-sectional area should 
conduct lightning current equally well.  However, research has shown that lightning is a series of DC pulses with a 
fast rise time.  Conductors with lowest inductive reactance and largest surface area, such as copper strap, should be 
strongly considered when choosing conductors to handle the fast pulses of lightning current.

from Georgia Copper: 
 hƩps://www.gacopper.com/Braid-Strap-Wire-Comparison.html



Get on 
the bus!



from K7FP Metal Werks – entry boxes
 hƩps://www.gacopper.com/Braid-Strap-Wire-Comparison.html





from K7FP Metal Werks 
https://www.kf7p.com/KF7P/Fiberglass_boxes.html



Wow!





References
• hƩps://electrical-engineering-portal.com/ground-potenƟal-rise-in-

your-home
• Safety in Ham Radio – VE6TL 2019  exc. on AC service grounding
• hƩps://www.youtube.com/watch?v=jKdRW6LbWNE&feature=emb

_logo 
 W6LG video, UFER ground

• hƩps://community.flexradio.com/iscussion/6372675/single-point-g
round

• hƩp://kc.flexradio.com/knowledgebasearƟcle50426.aspx  Good 
but read with scepƟcism.

• hƩp://www.ifwtech.co.uk/g3sek/in-prac/best-of.htm#earthrods
• hƩps://www.eham.net/arƟcle/1603  excellent
• hƩps://www.gacopper.com/Braid-Strap-Wire-Comparison.html  

See also home page
• Coax lightning arrestors VA7JW super stuff at end
• hƩps://www.dropbox.com/s/kffp92esffo3zy5/How%20to%20Build

%20a%20Quiet%20StaƟon%20V2.pdf?dl=0
 

• hƩps://en.wikipedia.org/wiki/Ufer_ground inside concrete!



References, cont…
• hƩp://leckemby.net/aj0ml/noƟonalgroundingsystem.html-good 

summary of integrated grounding system
• hƩps://www.w8ji.com/second_floor_grounding.htm
• hƩp://www.ad5x.com/images/PresentaƟons/Lightning.pdf

See his excellent presentaƟon on Lightning
and many other arƟcles,  reviews and presentaƟons!

• hƩps://www.eham.net/reviews/view-category?id=17&sort=-acƟve
ReviewsCount 
 Reviews on lightning and surge supressors

• hƩps://www.arraysoluƟons.com/surge-and-rf-protecƟon/as-8sp
• BICSI Grounding and Bonding paper
• QST- Lightning ProtecƟon- Chusid-MorganƟon

• https://www.blm.gov/sites/blm.gov/files/Lands_ROW_Motorola_R56_200
5_manual.pdf
 STANDARDS AND GUIDELINES FOR COMMUNICATION SITES



Motorola R56 document (link)
“Standards and Guidelines for Communication Sites”

2.12.2.1 POINT OF ENTRY FOR RF TRANSMISSION LINES
Reducing the height at which the RF transmission lines (coaxial cables) leave the tower 
and enter the building can reduce the susceptibility of a communications site to damage 
from lightning (Figure 2-1).

The reduction in height reduces the voltage on the RF transmission lines before they 
enter the facility. A suggested best practice is for the coaxial cables to enter the facility 
at a maximum height of 610 mm (2ft.) above the facility floor
   
(United States National Weather Service Manual 30-4106-2004, “Lighting
Protection, Grounding, Bonding, Shielding, and Surge Protection Requirements”).



Motorola R56 document (link)
“Standards and Guidelines for Communication Sites” 



Motorola R56 document (link)
“Standards and Guidelines for Communication Sites” 

2.12.2.2 DISTANCE BETWEEN TOWER AND BUILDING
Increasing the distance between the tower and building may reduce the 
susceptibility of a communications site to damage from lightning. Increasing the 
distance between the tower and building has the following benefits:
• It decreases the magnetic field associated with lightning that is coupled into 
the building. The amount of magnetic field coupled into the building decreases 
by the square of the distance. For example, the magnetic field coupled into a 
building would decrease by a factor of nine (9) if the distance between the tower 
and building is increased by a factor of three (3).
• It reduces the amount of energy that reaches the building via the RF 
transmission lines. This is because of the increase in inductance of the longer 
transmission lines.
• It reduces the amount of lightning energy that is propagated through the earth 
from the tower grounding (earthing) electrode system to the building grounding 
electrode system.
• Nine metres (30 feet) is considered a good compromise between protection 
level benefits and the length added to RF transmission line.



Motorola R56 document (link)
“Standards and Guidelines for Communication Sites” 



Motorola R56 document (link)
“Standards and Guidelines for Communication Sites” 



Motorola R56 document (link)
“Standards and Guidelines for Communication Sites” 



BICSI Grounding an
d Bonding paper

( click for link)

What if there were 10 
Ohms reacƟve A to B and a 
10 kA strike? => 100kV !

A                  B



Monumental papers on RX noise reduction

Common-Mode Chokes by Chuck Counselman, W1HIS(link)

A Ham's Guide to RFI, Ferrites, Baluns, and Audio Interfacing 
– Jim Brown K9YC (link)
Build Contesting Scores by Killing Receive Noise - Jim Brown K9YC (link)

Killing Receive Noise - Part 1 – Jim Brown (link)
Killing Receive Noise - Part 2– Jim Brown (link)



Pages open for presentation
• KE0OG video (fair)
• 2 eham pages – article, reviews on supressors
• 2 flex pages (some questionable comments)
• (Luxurion - Lightning protection)
• polyphaser/ICE. Metalwerks, DX Engineering, Amazon etc.
• VA7JW presentation coax supressors
• AD5X presentation – pdf
• How to build a quiet station KY6LA – pdf
• Motorola R56  - pdf


