
Ground Is A Myth!
Kristen A. McIntyre 

K6WX



What Is A Ground?

Haven't you wondered? 

Have you just accepted it? 

Does it have meaning at all? 

Seen on schematics 

but what does that mean?
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It's about a reference 
point

Ground is an arbitrary 
zero reference (circuit) 

Might be an energy state 

Might be a common 
connection 

Implies stability 

Or, perhaps …



It’s about the earth
Physical objects in contact 
with earth 

Earth’s charge state 

Distance from the center 
of mass 

Gravitational potential 
energy



Ground and Gravity
Gravitational potential 
energy  

mgh, but what is h? 

Referenced to what? 

center of mass 

earth’s surface



What if there’s no earth?

Then there’s no reference 

Newton’s law of 
gravitation still applies 

distance and masses 

Just like voltage / E-field



Let’s go back to Voltage
Electric Potential 

Mark your relative 
position in an E-field 

Says something about 
Work and PE 

conservative field 

path independent

+q

equipotential



Is there a ground for 
Voltage?

Just the difference in 
position in an E-field 

Where is zero? 

shift in focus 

Maybe at the edge of the 
universe

+q

equipotential



What about Current?
Is there such a thing as 
ground for current? 

Time rate of change of 
charge 

Featured in Maxwell 

Since it’s a derivative, 
there is no reference 
point
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Current = time rate of 
change of charge dq/dt

ł⋅J = ∂ρ/∂t
∮H⋅dL = I + ∮ ∂D/∂t⋅dA



Circuits and Ground

Common reference 

Chassis connection 

Shielding 

Current return path



Digital & Analog Ground
Split system into two 

one noisy, high current 

one quiet, low current 

How do we re-join these? 

What if there’s a voltage 
differential? 

“ground loop”



Ground Currents
Current return path 

most common use 

If the ground has finite 
resistance 

delta V along path 

it’s no longer a 
reference

What’s this voltage?

What’s this voltage?



Ground and AC
Very tricky! 

Must be the zero 
reference for all time 

Signals changing with 
time: V(t), I(t) 

Consider with three (or 
more) phases



Diversion: Phasor 
Notation

Vectors used to represent: 

Voltage, Current, Impedance 

magnitude 

phase 

Vectors can rotate with time 

angular velocity, rad/sec -> ω 

Complex plane, e-jωt 

Only for monochromatic signals 

Vector sums simplify calculations



Phasors and Impedance
You might recognize this 
from ham exams 

Differential equations 
become algebra, geometry 

see VIRLCW talk 

Again, only one frequency 

do not over-apply



Adding Phasors
Decompose into their X and 
Y components 

Real and Imaginary 

Add these separately 

Resultant components are 
the new vector 

Tip+Tail, Parallelogram, Tail-
Tail



Delta and Wye (Y)
Delta is un-referenced 

Wye has a reference, or 
neutral signal 

no current if phases 
balanced 

is this ground? 

Transformable 

How to “ground” a Delta?

Phasor



Split Phase and Neutral

What is the neutral? 

center tap 

is this ground? 

Driven by one phase, 
isolated - no “ground”

earth ground?

Phasor
magnetic 
isolation

Gnd?



Neutral and Grounding 
Conventions

Connected to earth in some 
way? 

What is the resistance? 

generally a poor conductor 

variable: salt, water 

Can we still be hurt? 

sure



Ground Fault Interruptor
A workaround 

Looks at current balance 

Doesn’t really reference 
“ground” 

infers flow to ground, 
but could be anywhere 

what is ground?



Ground Conductivity
Even in the best 
conditions: 100s of Ohms 

Worst conditions: 
100,000s Ohms 

Is this useful or 
meaningful? 

Is this safe?

S O I L  R E S I S T I V I T Y

Why Measure Soil Resistivity?
Soil resistivity measurements have a threefold purpose. First, such data are
used to make sub-surface geophysical surveys as an aid in identifying ore
locations, depth to bedrock and other geological phenomena. Second, resis-
tivity has a direct impact on the degree of corrosion in underground
pipelines. A decrease in resistivity relates to an increase in corrosion activity
and therefore dictates the protective treatment to be used. Third, soil resis-
tivity directly affects the design of a grounding system, and it is to that task
that this discussion is directed. When designing an extensive grounding
system, it is advisable to locate the area of lowest soil resistivity in order to
achieve the most economical grounding installation.

Effects of Soil Resistivity 
on Ground Electrode Resistance
Soil resistivity is the key factor that determines what the resistance of a
grounding electrode will be, and to what depth it must be driven to obtain
low ground resistance. The resistivity of the soil varies widely throughout
the world and changes seasonally. Soil resistivity is determined largely by its
content of electrolytes, which consist of moisture, minerals and dissolved
salts. A dry soil has high resistivity if it contains no soluble salts (Figure 1).

Resistivity (approx), Ω-cm
Soil Min. Average Max.

Ashes, cinders, brine,waste 590 2,370 7,000

Clay, shale, gumbo, loam 340 4,060 16,300

Same, with varying proportions 
of sand and gravel 1,020 15,800 135,000

Gravel, sand, stones with 
little clay or loam 59,000 94,000 458,000

Factors Affecting Soil Resistivity
Two samples of soil, when thoroughly dried, may in fact become very good
insulators having a resistivity in excess of 109 ohm-centimeters. The
resistivity of the soil sample is seen to change quite rapidly until
approximately 20% or greater moisture content is reached (Figure 2).

NOTES

2 Understanding Ground Resistance Testing

FIGURE 1Moisture content Resistivity Ω-cm
% by weight Top soil Sandy loam

0 >109 >109

2.5 250,000 150,000
5 165,000 43,000
10 53,000 18,500
15 19,000 10,500
20 12,000 6,300
30 6,400 4,200

The resistivity of the soil is also influenced by temperature. Figure 3 shows
the variation of the resistivity of sandy loam, containing 15.2% moisture,
with temperature changes from 20° to -15°C. In this temperature range the
resistivity is seen to vary from 7,200 to 330,000 ohm-centimeters.

Temperature Resistivity
C F Ohm-cm
20 68 7,200
10 50 9,900
0 32 (water) 13,800
0 32 (ice) 30,000
-5 23 79,000
-15 14 330,000

Because soil resistivity directly relates to moisture content and temperature, it
is reasonable to assume that the resistance of any grounding system will vary
throughout the different seasons of the year. Such variations are shown in
Figure 4. Since both temperature and moisture content become more stable at
greater distances below the surface of the earth, it follows that a grounding
system, to be most effective at all times, should be constructed with the
ground rod driven down a considerable distance below the surface of the
earth. Best results are obtained if the ground rod reaches the water table.

Seasonal variation of earth resistance with an electrode of
3/4-inch pipe in rather stony clay soil. Depth of electrode in earth is

3 ft. for Curve 1, and 10 ft. for Curve 2 

NOTES
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FIGURE 2

FIGURE 3
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FIGURE 4

In some locations, the resistivity of the earth is so high that low-resistance
grounding can be obtained only at considerable expense and with an elaborate
grounding system. In
such situations, it may
be economical to use a
ground rod system of
limited size and to
reduce the ground
resistivity by periodi-
cally increasing the sol-
uble chemical content
of the soil. Figure 5
shows the substantial 
reduction in resistivity
of sandy loam brought
about by an increase in chemical salt content.

Chemically treated soil is also subject to considerable variation of resistivity
with temperature changes, as shown in Figure 6. If salt treatment is employed,
it is necessary to use ground rods which will resist chemical corrosion.

*Such as copper sulfate, sodium carbonate, and others. 
Salts must be EPA or local ordinance approved prior to use.

S O IL RES ISTIV ITY MEAS UREMENTS
(4-Point Measurement)
Resistivity measurements are of two types; the 2-point and the 4-point
method. The 2-point method is simply the resistance measured between two
points. For most applications the most accurate method is the 4-point
method which is used in the Model 4610 or Model 4500 Ground Tester. The
4-point method (Figures 7 and 8), as the name implies, requires the insertion
of four equally spaced and in-line electrodes into the test area. A known 
current from a constant current generator is passed between the outer 
electrodes. The potential drop (a function of the resistance) is then measured
across the two inner electrodes. The Model 4610 and Model 4500 are 
calibrated to read directly in ohms.

NOTES
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THE EFFECT OF SALT* CONTENT ON 
THE RESISTIVITY OF SOIL

(Sandy loam, Moisture content, 15% by weight,
Temperature, 17°C)

Added Salt Resistivity
(% by weight of moisture) (Ohm-centimeters)

0 10,700
0.1 1,800
1.0 460
5 190
10 130
20 100

THE EFFECT OF TEMPERATURE ON THE RESISTIVITY 
OF SOIL CONTAINING SALT*

(Sandy loam, 20% moisture. Salt 5% of weight of moisture)
Temperature Resistivity
(Degrees C) (Ohm-centimeters)

20 110
10 142
0 190
-5 312
-13 1,440

FIGURE 6

FIGURE 5
Understanding Ground Resistance Testing - AEMC Instruments



Let's Increase the 
Frequency

What is different at HF? 

More coupling, but to 
what? 

Does this do anything for 
performance? 

Does this do anything for 
safety?



Let's Increase the 
Frequency

What is different at VHF? 

Even more coupling, but to 
what? 

Does this do anything for 
performance? 

Does this do anything for 
safety?



But don’t Antennas Need 
a Ground?

Balanced antenna needs 
nothing 

Symmetrical structure 
favors nothing 

Match doesn’t indicate 
“ground”, though it appears 
assymetic 

pattern shift



What about 
Ground Planes?

Creates a mirror for the single 
radiating element 

More compact 

Easy to use vertically polarized 

Radials might be on the earth 

Is that really a ground? 

Do you need them to be there? 

no



Baluns connect to 
Ground, right?

Autotransformer 

Classical transformer 

Both don’t care what the 
unbalanced side is connected to 

typically a chassis shield 

not earth ground 

more about isolation than 
anything



Don't use the Neutral or 
Safety as the "Ground" !?!

Amateur Radio Handbook 
says put in a ground rod 

So, we couple to the earth 
with a ground rod 

Big undertaking 

But why?



What about the Power 
Supply and Ground?

Now what do we do? 

N grounds? 

Safety ground 

Ground rod 

RF ground 

I'm very confused!

Gnd?



Is your head spinning 
yet?

Where is ground? 

What is zero volts? 

Ask again in an RF field 

spatially dependent 

temporally dependent 

induction 



This is an impossible 
thing

There is no ground! 

Everything is relative 

Everything is in motion 

The best we can do is 
differentially stabilize at 
certain points



So, now what?

Shield 

Isolate 

Stabilize



Shield - Faraday
Enclose in conductor 

keeps fields from inducing V 
or I in bad places 

changes "ground" 

Avoid leakage fields in or out 

Avoid currents in other 
"grounds" 

safety, neutral

∮E⋅dL = -∮ ∂B/∂t⋅dA
EMF = -dΦm/dt

∮H⋅dL = I + ∮ ∂D/∂t⋅dA



Shield: Example

Faraday shielding between 
systems and subsystems 

Tight connections 

high conductivity 

Drive the E-Field to zero



Isolate
Differential signal paths, 
avoid common mode 

Reduce leakage fields 

Restrict components to their 
primary function 

Create high impedances where 
current shouldn't flow 

avoid currents in bad places



Isolation: Example

Ferrites everywhere 

Wrap as many times as 
you can 

Pay attention to the 
ferrite mix



Stabilize
Use low impedances 

reduce voltage 
differentials 

reduce E-field 
gradients / 
differentials 

can be antenna 
enhancements 

?



Stabilization: Example

One wire per band 

Bundle them together 

High voltage at wire ends 

fold over and tape



Wither Ground Rods
Outside of lightening, 
you're wasting your time  

Can make things worse! 

noise 

RF losses 

On a portable antenna: 
disconnect it



My 2nd Floor Station: 
800 Watts

Helically wound vertical 
dipole 

Tuner (manual or auto) 

AL-811H Amplifier  

IC-7600 

No ground!



But how, you ask?

Shielding: all components are individually shielded 

Isolation: ferrites form inductive isolators keeping 
common mode currents from flowing 

Stabilization: counterpoises on all bands



What is a Counterpoise?
A 1/4 wave monopole 

The low impedance point of 
an open antenna or 
transmission line 

Must match operating 
frequency 

Can be bundled 

Watch for high voltage!



Radials on the Ground
Like a counterpoise 

detuned by the earth 

Provide the mirror 

Should be as complete as 
possible: 16 to 64 

lower loss resistance 

remember - earth is lossy



What about the “ground” 
lugs?

Connect them together  

flat braid (low inductance) 

Connect that to the counterpoise 
bundle  

Stabilizes the equipment chassis 
within the RF fields (E-field) 

Avoid RF burn 

Connect to ground rod? 

probably a bad idea



What Applies To Your HT?
No apparent ground 

Where’s the other half of 
the antenna? 

Let’s add one 

counterpoise 

not a “ground” 

several dB improvement



Lightning: A Case for 
Ground (sort of)

Back to DC 

Large charge differential 
builds 

Covers earth's surface  

relatively wide area 

Want safe discharge



Lightning Strike
Plasma forms from 
intense E-field 

Ions are conductor for 
charge carriers  

Charge equalizes 

Hopefully doesn’t equalize 
through your shack

- - - - - - - - - -

+ + + + + + + + + +



Lightning Rod
Sharp tip has many 
charge carries 

mutual repulsion 
minimized 

Conducts to earth's 
surface efficiently 

charge equalization 



Antennas Are Like 
Lightning Rods

Altitude and connection to 
earth's surface makes E-
field intense 

Many sharp edges 

Efficient conductors  

Ought to be grounded for 
lightning, not RF 



Should Antenna coax go 
to station “ground”?

Bad idea for lightning 

bring that current flow 
inside your house? 

likely to kill your transceiver 

damage other gear 

Ground the coax first through 
protection device 

Do this outside or near the 
outside
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the input and output sides of the pro-
tector. You must take this into con-
sideration when planning the layout
of the SPGP.

A general guideline is to draw an
imaginary diagonal line near the cen-
ter of the panel as shown in Figure
12. Designate the area above the line
as protected and the area below the
line as unprotected (or vice versa).
Make sure you consider how the
panel will be mounted; how the (un-
protected) cables will enter the un-
protected area and how the (pro-
tected) cables will leave the panel.
One of the nice things about a two-
dimensional drawing is that the ef-
fects of gravity do not show. In Fig-
ure 12, the cables leaving the panel
to the right above the dotted line must
be anchored. If they are not, real
world gravity will cause them to
eventually bend down and come close to, and maybe even touch,
the unprotected cables. If this happens, during the strike event
there is the potential for a spark-gap breach of the protectors
between the cables—a failure of the protection plan.

Neatness counts—cables (transmission lines, power (ac and
dc), speaker, microphone, computer, control) should be cut to
length and routed neatly and cleanly between boxes using the
most direct practical route. The coiling of excess cable length
on the protected side should be avoided since it can act as an
air-wound transformer coupling magnetic energy from a nearby
lightning strike back into the protected equipment.

The chassis ground for each element of radio equipment must
also be connected to the SPGP. The SPGP is our reference point
during the strike event and it is important that all elements of
the radio station be at the same potential at the same time (nano-
seconds). For small to medium size stations, where all for the
equipment fits on a desk/table top, a single interconnect copper
bus or strap to the SPGP is usually sufficient.

For stations with freestanding cabinets or racks in addition
to an operating desk, the issue of rise time becomes more sig-
nificant due to distance. This necessitates separate cabinet/
rack direct ground connections to the SPGP. In addition, sta-
tions of this size have other special considerations, such as
concrete floor conductivity, that are not covered here.

Don’t forget to allow for future growth of your station in
the SPGP layout. Typically this means leaving room for an
additional feed line protector or two and maybe a rotator con-
trol protector. It is easier to plan for expansion now, rather
than have to rearrange the protectors on the panel later.

If the form of SPGP you have chosen is a metal plate
mounted in a window or a full-fledged through-wall entrance
panel, you can ignore the remainder of this paragraph. The
next major consideration is the placement of the SPGP with
relation to the radio equipment. The SPGP is ideally mounted
on the inside of an exterior wall with access to an earth ground
and within a few feet of the radio equipment. That sounds easy,
but depending on your radio room, it may be next to impos-
sible. Let’s work it through.

These real-world constraints sometimes present real chal-
lenges. One of the biggest challenges is grounding the SPGP.
A #6 AWG wire to a radiator or water pipe is usually not accept-
able! I say “usually” because if your radio room is on the top of a
high-rise building, that may be all that you have. I’ll discuss the
real requirements and address this type of problem later.

The purpose of the ground connection is to take the energy

arriving on the antenna feed line cables and control lines (and
to a lesser extent on the power and telephone lines) and give it
a path back to the earth, our energy sink. The impedance of
the ground connection should be low so the energy prefers
this path and is dispersed harmlessly. To achieve a low imped-
ance the ground connection needs to be short (distance),
straight, and wide.

Short
We all know that a conductor, no matter what size or shape,

has inductance that increases with length. Connecting the SPGP
to the external ground system should be done with the short-
est possible wire. Did I say wire? Be sure to read about “wide.”

Straight
Rarely is it possible, in the context of an Amateur Radio sta-

tion (unless the structure was designed around the radio station),
to go directly from the SPGP to the external ground system in a
short, straight line. Most of the time we are encumbered with an
existing structure that is less than ideal and further encumbered
with esthetic constraints regarding just how much of a mess we
can make. So, we do the best we can. Straight becomes a rela-
tive concept. Run the ground wire (there’s that word again) as
straight as possible. Keep in mind that every time the wire makes
a turn, the inductance of the path is increased a small amount;
~0.15 µH for a 90-degree turn in less than 1 inch. The cumula-
tive effect of several turns could be meaningful. By the nature
of its current (magnetic) fields, a wide wire (strap) has lower
inductance per length, compared to round conductors, and has
minimal inductance for turns.

Also keep in mind that speeding electric fields don’t like to
change direction. The inductance in each bend or turn repre-
sents a speed bump, causing a large change in the fields over a
short distance. If the change is large enough, some of the elec-
trons are likely to leave the wire and find another path to ground;
that is, an arc. This is not desirable; we have lost control.

Wide
We all know that no matter what size, wire has inductance.

Larger wire sizes have less inductance than the smaller sizes.
We also know that RF energy travels near the surface of a wire
as opposed to within the central core of the wire (skin effect).
If we put these together and extend the hypothesis a little, it
would seem reasonable to use a railroad rail-sized bus bar as
an excellent connector between the SPGP and the earth ground.

Figure 12—The SPGP showing the division of the protected and unprotected cables.
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The process described in Part 1 of identifying the equip-
ment to be protected can be applied to any item or set
of electronic equipment. With some adjustment, it can

be applied to tower-top electronics such as preamps or power
amplifiers, to a computer installation in another room, a TV or
a stereo system. The principle is the same: identify all of the
electrically and proximally connected equipment, identify all
of the I/O (input/output) lines, add protectors and ground. The
theory is easy; it’s the implementation that can be challenging.

Protecting Each I/O Line
Let’s examine each of the I/O lines identified in the box-

level schematic, dividing them into broad categories for dis-
cussion. Each I/O line represents a potential source or sink
(ground) for lightning strike energy, either directly from
Mother Nature or indirectly via a connecting wire or arc. We
must provide a protector that is physically and electrically ap-
propriate for the type of I/O line we are protecting. The pro-
tector has a relatively simple job to do—short circuit when
threatened (over voltage). While this may seem like a rela-
tively simple thing to do, it is surprisingly difficult to accom-
plish without first sharing much of the strike energy with your
equipment. This is especially important for receivers with sen-
sitive FET front-end stages and electronic interfaces (RS-232,
422, and so on) where the maximum tolerable interface volt-
age is just a few volts above the operating voltage.

The best I/O line protectors are connected in series between
the surge and the circuit they are intended to protect. Series
protectors, by design, have the capability to limit the amount
of lightning strike energy your equipment will receive. The
“better manufacturers” will specify the maximum amount of
“let-through energy” your equipment will receive during a
strike. It is normally specified as a quantity of energy in the
milli- or microjoule range. When choosing a protector, select
the one with the least let-through energy that meets all of the
requirements for the connection.

Coaxial Cable
The first category of protector we will examine is the co-

axial cable line protector. Coaxial protectors are unique in that

Lightning Protection for the
Amateur Radio Station
Part 2—Last month, the author discussed the characteristics of lightning and
the hazard it presents to the amateur, and presented a method of preparing
a schematic of a protection plan. This installment shows us the type of
protection to apply and how to design the protective installation.

they should not add to system SWR or signal loss, and at the
same time they need to operate over a very broad frequency
range at both receive and transmit power levels.

Each coax line leaving the circle around the protected equip-
ment must have an appropriate coaxial protector. As we will
discuss later, the coax protector along with all of the other I/O
protectors must be mounted on a common plate (or panel) and
connected to an external ground system.

Two typical PolyPhaser protectors for Amateur Radio use
below 1 GHz are shown in Figure 7. While both of these protec-
tors are shown with UHF-female connectors on both the antenna
and equipment sides of the protector, type N connectors are avail-
able, as are combinations of male and female connectors. Please
note, however, that there are other manufacturers of quality
lightning-protection products. See the “Resources” sidebar at
the end of this article.

Special coaxial protectors to protect I/O lines for GPS, DBS,
broadcast and cable TV are available, as well as those for tower-
top amplifiers and remote antenna switches that require an ac
or dc voltage fed through the feed line. All protectors come
with the appropriate type of connector commonly used for these
applications.

Figure 7—Typical coax protectors, the PolyPhaser IS-50UX and
IS-B50LU.



So, what happened to 
Ground?

It evaporated! 

except for lightning 

It’s all relative 

there is no reference 

The earth is not reliable 

dirt is a crummy conductor 

it’s a crummy dielectric too



What can we hams do?
Shield our equipment from 
RF fields 

Isolate the various 
components from each 
other: balanced currents 

Stabilize everything within 
the RF field 

Ditch those ground rods 
(except for lightning) 

Have fun on the radio



Questions?



Thank You


