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Preface: Field-Proven, Not Textbook

We are not engineers and have no formal training in
most of these subjects.

We are probably not qualified to present this as theory.

What we can share is what we have built, tested,
broken, rebuilt, and used on the air.

Every method shown here has been used successfully
at our station.
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Who Are WV4P and NR4L?

We own and operate NJ4P, a 100% remote station in
West Tennessee.

Construction started in 2020 — and the station is still
far from done.

Thousands of hours of research, station visits, trial
and error, and thinking outside the box got us here.

Tim, K3LR graciously invited us to share some of
what we have learned along the way.
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The Core Message

Build the station as one system: RF, mechanical,
control, safety, and people.

Every shortcut becomes a future limitation, repair
problem, or contest-weekend surprise.

Plan the trench, model the antenna system, bond
the site, document the truth.

Future-proofing means serviceability, expansion
space, and clean failure modes.
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Plan. Plan. Plan.

It is easy to overlook simple things that cause a
lot of grief later.

You will always need more coax, control cables,
power, network, and spare paths.

Map tower locations, trenches, entry panels,
service access, power, data, and future growth.

The cheapest time to add capacity is before the
trench is closed.
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Trenching: Think 10 Years Ahead

At our station, we went very deep with the trenches
— roughly 4 to 6 feet.

People said we were nuts, but now a 2 to 3 foot
service trench can cross them safely.

Separate RF, control, power, and spares where
practical.

Use sweeping bends, pull ropes, marking tape,
drainage planning, and accurate maps.
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Expansion Is Cheaper Than Excavation

Add more conduit than the first design requires.

Leave spare pull ropes and label both ends before
they disappear underground.

Plan for the future. Fiber, control lines, receive
antennas, rotors, sensors, and spare feedlines.

Leave service loops and accessible transition points
SO repairs do not become archaeology.
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Model. Model. Model.

Chances are you did not get to pick a big hill in a
rural area.

You are working with the land you have — get
everything out of it you can !

Tower and antenna locations relative to major
population centers are key.

Model location, height, azimuth, terrain, and
interaction before concrete.
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Model the Land You Actually Have
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Model the Station, Not One Antenna

Limiting antenna interaction in important directions
preserves expected patterns.

Predictable patterns mean predictable performance,
especially in contests.

Include nearby towers, guys, booms, wires, fences,
fixed antennas, and unused metal.

Free-space specs are not the station. The station is
the station. Everything interacts, everything matters.
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Old Information Is... Old

You will hear a lot of advice like “higher is better.”
Much of it is not universal.

The truth is out there, but it is often buried under old
rules of thumb.

Do not be afraid to test new ideas, everything was a
new idea at some point in time.

Top stations often push the limits. They learn and
do things long before the information trickles down.
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Do Not Be Afraid to Try New Things
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Pool noodles can make your Yagis look awesome — and experimentation still matters.
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Every Piece of Metal Is an Antenna

Every boom, element, guy, tower, mast, wire, and
unused antenna can interact.

Every interaction can affect pattern, gain,
front-to-back, and receive noise.

Big “element count” towers look cool, but can
hide big pattern problems.

Less is often more. Higher is often not better.
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Stacks Only Work When They Add Something

A stack is not automatically better because it has
more antennas.

The lower antenna(s) need a job: fill a null, improve
takeoff angle, add domestic coverage, or provide
diversity.

If the lower antenna is not doing useful work, it may
be better off in the shed.

Model the stack, not just each antenna by itself.
Stacking often changes feed point impedance and
other important characteristics.
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Can’t Get Enough Spacing? Interlace It.

Can’t get enough space between 20 and 40 meter
Yagis? Sometimes the same boom is the answer.

Controlled near-field mutual coupling and current
distribution can work exceptionally well.

A properly designed interlaced dual band Yagi can interact
less than comparable antennas placed poorly apart.
Tribanders (without Traps) and a Triplexer function the
same way.

This is not a guessing game — model the exact design.
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Ground. Ground. Ground. — Bond. Bond. Bond.

The first thing to figure out is grounding and bonding
— Just do not say those words on the internet !

The safety of the shack, house, equipment, and
operators is directly related to the grounding and
bonding system.

Study credible references such as Motorola R56, then
read them again until they make sense.

A high-performance station starts with bonding and
grounding.
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Grounding on the Internet

'Héy guys, what’s : | < = ing B No, wide

: copper
the best way to TR strap!

ground my station? i | |

GROUNDING

s Only an
idiot does it

Cool... T'll just
run portable
on a battery.
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Why Bonding Changes Station Behavior

Bond towers, entrance panel, shack, electrical safety
ground, protectors, equipment and control systems
iInto one system.

Reduce dangerous potential differences during faults,
surges, and nearby strikes.

Bonding often fixes problems you may not even know
existed.

Protect control cables with the same seriousness as
coax. Oz = il
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Bonding: One System, Not Loose Pieces

A real station bonding bus ties shields, protectors, control cables, tower
grounds, and shack entry together.



Feedline: Loss Is Not Meaningless

Forget “loss is meaningless at HF.” Loss is loss.

If you lose it between the radio and antenna to
save a few dollars, the worms enjoy the heat.

Top contest stations spend serious money
chasing one more dB.

Do not save pennies where every TX and RX dB
counts.
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The Simple dB Math

Net gain = antenna gain — feedline loss.

A 9 dB antenna with 1 dB feedline loss acts like
an 8 dB antenna with no feedline loss.

Power ratio = 10*(dB/10).

1 dB loss leaves about 79.4% of the power and
throws away about 20.6%.
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What 1 dB Costs

100 W + 9 dB antenna 794 W ERP 631 W ERP 163 W /20.6%

1500 W + 9 dB antenna 11,915 W ERP 9,464 W ERP 2,451 W /20.6%

1 dB lost before the antenna is 1 dB gone on transmit and receive.
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10 Meters: 300 ft Feedline Example

Loss / 100 ft Total loss Power delivered m

RG-213 ~0.98 dB ~2.94 dB ~51% ~762 W

LDF5-50A ~0.195 dB ~0.59 dB ~87% ~1,311 W

LDF5 saves about 2.35 dB — roughly 1.7x more power into the antenna.
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Why Hardline Matters Even More in SO2R / Multi-Op

The cost difference between Heliax and traditional
coax is often less than people think.

The performance increase can be profound on long
runs and higher HF bands.

A full copper shield is significantly better than braid for
leakage and crosstalk.

For SO2R and multi-op, the feedline is part of the
Isolation system.
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Bandpass Filters, Stubs, and Physical Separation

No single trick fixes multi-radio interference.
Bandpass filters reduce out-of-band energy.
Stubs add targeted rejection where you need it.

Physical separation and orthogonal isolation reduces
coupling before the filters ever see it.

Switches, feedlines, and antenna layout decide whether the
filters get help or get blamed.
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BPF Rejection: Practical Targets

25-35dB Marginal for serious high-power SO2R

40 dB Useful; common older / W3NQN-class territory
50-60 dB Good / serious contest-station level

70+ dB Excellent, especially adjacent contest bands
80-100 dB Usually BPF + stubs or multiple stages

Start with specs, then measure the station.
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Antenna Switches: Where We Hook It All Together

We try to separate all the bands, then we connect
them all together through switches.

That makes the antenna switch a critical RF, safety,
and isolation component.

For serious SO2R and multi-op, the wrong switch can
undo good feedlines, filters, and separation.

Poor isolation creates leakage before the signal ever
reaches the radios.
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Bad Switch, Bad Isolation
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What | Want in a Serious Station Switch

Break-before-make switching.
Unused ports grounded.
No hot switching.

Short RF paths, shielded layout, proper
sequencing, and measured isolation on every

port pair.
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Antenna Switch Isolation Targets

m Plain-English target

50-60 dB Helps, but not enough alone

70 dB Good minimum for HF antenna-port isolation
80 dB Serious SO2R / multi-radio class

90+ dB Excellent

100+ dB Very hard to get, but worth chasing.

Total system isolation is what the operators experience.
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System Isolation Is Layered

Antenna spacing, polarization, and pattern reduce
coupling at the source.

Hardline and shielding reduce leakage through the
feedline system.

BPFs and stubs provide frequency-selective rejection.

Switches and automation keep everything connected
the way the design assumes.
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Start with room to work

Switching and filtering can become very complex. Start with
a big enough canvas to allow growth and changes. They are
inevitable.
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Tower Choices: Do Not Build It Twice

Building a station is expensive. Building it again is worse.

Rohn 25 is rarely the right answer for serious ham
applications over about 40 feet.

Rohn 45 is a significant upgrade, but modern antennas
and stacks can quickly exceed the comfort zone.

Rohn 55 is often the right long-term answer. Amortize
the cost over its life and resale value.
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Mechanical Reality Is Part of RF Design

Tower rating, wind area, ice loading, mast strength, rotor
torque, and boom torque all matter.

Guy levels, anchors, non-resonant guys, and service
access must be designed early.

Feedline weight, jumper routing, side mounts, fixed
antennas, and future antennas compete for the same tower.

A safe smaller station beats an impressive unsafe station.

DX
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Document Everything

Keep accurate records of wiring, diagrams, coax runs,
jumper lengths, connector types, and weatherproofing.

Document tower hardware, rotator wiring, control relays,
antenna switch logic, and software configuration.

Label both ends of everything, then photograph it before
it disappears.

Future you will not remember what present you thought
was obvious. This is 100% Field Tested and Proven !
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Automation Is the Truth Table Made Executable

Automation should prevent unsafe paths, hot switching, and
operator memory errors.

It must be visible, simple and intuitive for the operator. Poor naming
can introduce confusion. “West Vert” because of location can make
an op believe it's directional, to the west.

A control glitch should recover cleanly instead of leaving the
station confused.

The operator should always know what antenna, amplifier,
switch path, and radio are active.

X
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Automation: Make the Rules Real
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The MOAS Il “Mother of All Switches™ by Paul, K1XM is one example
of a very competent way to automate and protect a station.
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Remote: Build It In From the Start

It is 2026, remote operating is at its prime.

More and more stations are remote at their core,
or at least have remote capability.

Decisions you make now can help or limit future
remote opportunities.

Automation and remote operation go hand in hand
and complement each other.
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Remote Design Decisions

Plan network, power control, antenna switching,
amps, and interlocks from day one.

Local and remote need the same truth table: no hot
switching, unsafe paths, or mystery states.

Build recovery in: remote power, VPN access,
manual bypasses, and safe defaults.

If you cannot diagnose it remotely, it eventually
becomes a road trip.
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Build for Maintenance and Recovery

Everything outdoors needs labels that survive
weather and time.

Keep spares for single-point-failure parts.

Design bypass paths, manual overrides, and safe
default states.

A station that cannot be fixed during contest week,
or contest... is not finished.

S CIRUR
CONTEST

TITINTVERKITY




The 2026+ Station Mindset

Plan before the trench.
Model the actual station, not the catalog antenna.
Bond and ground first, not after the problems start.

Spend dB where it matters: feedline, switching, isolation,
and patterns.

Build for the future. Do not paint yourself into a corner
and limit upgrades, changes and growth.
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Questions?

Station Building for 2026 and Beyond
Ron Koenig, WV4P KO4ZSK - SK - 2026

Trina Koenig, NR4L
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