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800-777-0703 I DXEngineering.com

Ordering (via phone) Country Code: +1
9 am to midnight ET, Monday-Friday 
9 am to 5 pm ET, Weekends
Phone or e-mail Tech Support: 330-572-3200
9 am to 7 pm ET, Monday-Friday 
9 am to 5 pm ET, Saturday 
E-mail Tech: Elmer@DXEngineering.com

Ohio Showroom Hours:
9 am to 5 pm ET, Monday-Saturday

Ohio Curbside Pickup:
9 am to 8 pm ET, Monday-Saturday
9 am to 7 pm ET, Sunday

Nevada Curbside Pickup:
9 am to 7 pm PT, Monday-Sunday

ISO-PLUS Ethernet RF Filter
Give yourself another tool to help you pull out those weak 
signals and operate more effectively. This patent-pending 
inline filter joins two RJ-45 connectors to reduce interference 
for frequencies from below 1 MHz to over 100 MHz without 
affecting Ethernet data signal levels or speed. They're a simple 
way to suppress electromagnetic interference (EMI) and reduce 
common-mode RF interference (RFI) to and from Ethernet 
cables used between personal computers, printers, routers, 
transceivers, and other devices. Installed on either end of Ethernet cables, these filters mitigate RFI caused 
to the Ethernet-connected device while at the same time reducing interference to radio receivers and other 
equipment that is caused by RFI or EMI generated by an Ethernet-connected device. Patch cable included with 
each filter. Enter “ISO-PLUS" at DXEngineering.com. 

DXE-ISO-PLUS-2 2 Filters ........................................................................................................................... $59.99      

DXE-ISO-PLUS-10 10 Filters ....................................................................................................................... $259.99

NCC-2 Receive Antenna 
Variable Phasing System
The NCC-2 combines the NCC-1 
Phase Controller and our RTR-1A 
Receive Antenna Interface 
technologies into one box. It 
also has enhanced balance 
functionality, expanding its 
ability to phase between two 
different types of antennas. This is a handy feature if you’ve got space constraints on your property. We’ve also 
made it easier (and more economical) to expand the NCC-2’s versatility by providing internal slots for modules like 
the plug-in versions of our Receiver Guard 5000HD and RPA-2 preamplifier. Enter “NCC-2" at DXEngineering.com.  

DXE-NCC-2 ...................................................................................................................................................... $899.99

DX Engineering can supply you with what you need to stay competitive, including advice  
from serious Amateur Operators, access to great gear, and the fastest shipping in the industry. 

We’re All Elmers Here! Ask us at: Elmer@DXEngineering.com

RG400 High Isolation  
Coaxial Cable Assemblies
Made to military-spec (MIL-C-17), this RG400 provides 
extremely high noise and signal isolation and will 
handle up to 8 kW. It boasts an efficient, stranded silver 
covered copper center conductor and double silver 
covered copper braided shields. The cable is wrapped 
in a tough, waterproof fluorinated ethylene propylene 
jacket. It terminates in your choice of silver-plated 
Amphenol 831SP PL-259 connectors with UG-175 
reducers or BNC Male connectors. The cable has a 
0.195" OD and is available in 3, 6 or 10 foot lengths or 
by the foot. Enter “RG400" at DXEngineering.com.  
From $77.99

Transceiver Key Line  
Splitters and Combiners
Choose from three passive DC-only devices for the 
"ground-on-transmit" amplifier keying line of one or 
multiple transceivers. These splitter/combiners are 
handy when using amateur radio devices that need 
to "share" a T/R keying line and don't have a keying 
line pass-through.The DXE-KEYLINE-3 is a splitter for 
one transceiver to key one amp and two accessories; 
the DXE-3RIGKEYLINE is a combiner for up to three 
transceivers to key one amp; and the DXE-KEYLINE-
DUAL is a combiner-splitter for two transceivers to 
key two amps, or one amp and one accessory.  
Enter “DXE Key Diode" at DXEngineering.com.  
From $73.99

Receive Four-Square   
Complete Array System
Enjoy dramatically improved weak-signal reception with unparalleled rejection of extraneous 
signals and noise. This four-direction switchable phased array covers multiple HF amateur bands, 
such as 160, 80 and 40 meters, by using time delay phasing of four physically short active receive 
vertical elements. The resulting directional 
receiving pattern has deep back and side nulls 
that are superior to Beverage antennas and other 
receive arrays. Systems come with four Receive 
Short Element Active Vertical Antennas, featuring 
upgraded AVA-3 Active Matching Units; 8.5-foot, 
three-piece aluminum whips; directional control 
console; four-square array controller; 1,000 feet 
of RG6U cable; connectors; hardware; and tools. 
It's the ultimate high-performance, directional 
receive antenna system for HF, SWL, or AM DXing. 
Enter “DXE V3 Four" at DXEngineering.com. 
From $1,754.89
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i7610
HF / 6M SDR Transceiver

The SDR you have asked for.
Faint signals are no longer a challenge for DXers and contesters around the world.

i7851
The Ultimate HF / 6M Transceiver

The Pinnacle of HF Perfection.
Keep that competitive edge and magically pull out the weak signals

i7851

Heard It. Worked It. Logged It.

For the love of ham radio.
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YouthOnTheAir.org
Stop by our website for all the information about the Youth on the Air movement 

in the Americas.  We promote all youth ham radio programs, contests, and 
opportunities across the hemisphere.  In addition, we sponsor a summer camp 

and participate in December YOTA month and the YOTA contest. 

Visit Us at Booth 4304 at Hamvention! 

Listen for VE3YOTA on the air July 16-21, 2023 from our next camp! 
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Subscribe Now and Join the Fun!  

arrl.org/ncj

50th YEAR  
OF PUBLICATION

This bimonthly publication, ARRL’s National Contest Journal (NCJ),  
is dedicated to covering the competitive contesting aspects of amateur radio.  

Each issue is loaded with information of interest to contesters (and DXers, too!), 
from casual observers to hardcore competitors. 

Commemorative Gift When You Subscribe Today!

ARRL has commissioned a limited-edition challenge coin to celebrate this milestone 
year as a gift to all 2023 subscribers–new and renewing! The coin features a stunning 

numeral 50 with the ARRL and NCJ logos and the journal’s founding year.  
A great memento for any contester or ARRL collector.

CELEBRATE

’S’S
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Read the rules

Obey the rules

Have Fun !

Doug Grant, K1DG

I refuse to believe
you can win by playing by the rules.

I realize this may be a shock but 

is a big lie. 

So I will tell operators trying to improve their skills
they are not the most important thing in contesting
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Contesters who compete against me unfairly will know 
that

I have my priorities straight because 

Winning
Is more important than

Fair play

Once upon a time 

But this will not be true in the future
-no-matter-what-it-

Experts tell me 
10 years from now every top-scoring station will 

need an on-site referee to prevent cheating
I do not believe that 

I will be competing against honest operators 
playing by the rules
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In the future

Deliberate QRM, high power, and packet cheating will be 
the norm.

No longer will it be said that 
Contesters are the best operators on earth

It will become evident 
That contesters are universally ruthless and 

unsportsmanlike.

It is foolish to presume
There is hope if we play fair.

unless we choose to reverse it.

Right here. 

Right now.
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There is hope if we play fair.

It is foolish to presume
That contesters are universally ruthless and 

unsportsmanlike.

It will become evident
Contesters are the best operators on earth.

No longer will it be said that
Deliberate QRM, high power, and packet cheating 

will be the norm.

In the future
I will be competing against honest operators 

playing by the rules.
I do not believe that

10 years from now every top-scoring station will 
need an on-site referee to prevent cheating.

Experts tell me
-no-matter-what-it-

But this will not be true in the future.
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Once upon a time.

Fair play
Is more important than

Winning.

I have my priorities straight because
Contesters who compete against me unfairly will know 

that
they are not the most important thing in contesting.

So I will tell operators trying to improve their skills:

is a big lie
is

I realize this may be a shock but
you can win by playing by the rules.

I refuse to believe
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The Four Stages of Contesting

Starting out

Getting hooked on the game

Trying to win
The right way (playing by the rules, having fun)
The wrong way (bending or breaking the rules)

Passing it along

The Fun in Radiosport

It comes in many forms

Personal Satisfaction
Better score than last year

Cool band opening
Finessing through pileups

Part of a team
Help your club (or multiop) win

Peer recognition and respect
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What are your goals in 

contesting?

Win it all

Have fun, have some good rates, work some 
cool DX

Learn how to play the game better

a Fair Game

Geographic advantages

Local Terrain advantages

Rareness advantages

A small station in the Black Hole has a big disadvantage 
when compared to a mega-station in Maine
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If the game is *that* important 

(within the 
rules!)

Change QTH or guest-op

Use a remote station

Put up better antennas

Practice, practice, practice

At some point, you make a 

decision

Play by the rules

Work on improving 
skills/station

Power consistent with 
class

not allowed

Submit log when contest 
ends

Make  your own rules

Work on being obnoxious

Use the cluster who will 
know?

Take time to scrub log (fix 

times, etc.)
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Written and unwritten rules

Written rules
Published by the organizer
They try to cover all scenarios
They have to evolve

Unwritten rules
Generally accepted by the community
Sometimes have to be added to written rules

Cheating = Rudeness

Breaking a written rule Breaking an unwritten rule
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Consider this road 
sign

Is it really necessary?

Is there a place where 
littering is allowed?

Sometimes a new technique 

emerges that gives an 

advantage

Guest operator
Memory Keyers
Computer logging (including databases)
SO2R
2BSIQ

All of these were within the rules but many 
people protested 
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Bill Russell played defense 
differently in basketball
He jumped to block shots 
(gasp!)
His high-
good defender never 

USF: 55 wins in a row, 
2 NCAA titles

New Technique or Rule 

Violation?

Eventually it became the norm

commit flagrant fouls, or try to find a way to 
foul without being seen by the referee
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Remote Receivers
Self-spotting
CQing on two frequencies on a band
Using a (very) remote station to work that new 
band-country
Live-streaming on social media
Self-spotting

Sometimes this results in a rule change

Cheating or bending rules 

leads to more rules
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Is this what we want?

CQWW Rules

2050 Edition

Pre-contest announcements

NG3K list: OK

Postcards and worldwide 

(This postcard was sent 

multipliers, and was 
allowed by the Contest 
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Why people cheat

Achieve immortality via community legend, 
fame, and lasting peer recognition

Prove superiority over others
A means to prove self-worth 

These are Powerful forces, worthy of study and 
caution

Rationalizations for cheating
Everybody is doing it 

(#1 Reason, and provably false)

Nobody was hurt   
(Except those you beat)

Nobody was watching    
(Not any longer)

Overcome unfair disadvantages 
(Life is not fair)

Rules apply to others, not me/us
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But people DO
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Banned from all CQ Contests for 5 years 

Previous wins deleted

This does not sound like fun
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Ethics and Respect

Ethical behavior requires respect
Respect for others

Respect for the game

Respect for yourself

Our fellow competitors want the same respect 

To get respect, you have to give respect
Ethical behavior results in respect

ethics

Nearly every religion/social system has it

"In everything, therefore, treat people the same way 

Matt. 7:12,  New American Standard Version

Shayast-na-Shayast 13.29 (Zoroastrianism)
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This poster hangs in the U.N.
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Cheating is stealing

If you beat someone by cheating, you have 
stolen his award/recognition

In nearly every culture, stealing violates the 
Golden Rule

The End-game of Rule-

Breaking

People abuse a shared resource because it 
is in their own best interest

Eventually everyone loses
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The Boston Common story

In the 1600s everyone could graze their animals on the 
Common, with a limit on number of animals

Some exceeded the limit because it was good for them

Eventually all the grass was eaten

The Common became unusable for grazing

Howl old is this idea?

First mentioned in 1833 by the British economist William 
Forster Lloyd

Concept dates to Aristotle:

amount of care. Men pay most attention to what is their own: they 

The term "tragedy of the commons" came from an essay 
with this title written by Garrett Hardin in 1968. published 
in Science
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Valid concept, wrong 

conclusion (maybe)

Hardin used the concept to promote limits on population 
growth, especially among lower classes

He argued that governmental economic policy was 
needed to prevent overpopulation, overfishing, 
overhunting, etc.

'Unmanaged' Commons"

Big Game Hunting 

Management

Trophy hunting got out of control in some African 
countries

Regulations were put in place
Limits on number of permits
Limits on certain species

The system works
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The BMW Auto-dimming 

headlight option

BMW held a focus group to introduce a new feature 
headlights that dimmed as a courtesy to oncoming 
vehicles

Cost was a few hundred dollars

Related question: Why do they install turn signals on BMWs?

Contester A sets the CW rise time on his FT5000 to 2 
ms, and cranks his SSB Compression to 11

Nobody can operate within 10 kHz of him so he has a 
nice clear running frequency

NOTE: these do not violate specific rules in most 
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Excessive Power

Do not exceed power limits for your category

Applies to ALL power categories
Altoids

Do not make pre-arranged schedules
Do identify frequently
Do not 

Do encourage club members to work 
everyone
Do not work friends with multiple calls
Do work and spot stations equally
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Do not telephone or text message multipliers
Do make an effort to help casual callers 
enjoy the contest and make a contact
Do not -op effort
Do not plop down 100 Hertz away from your 
competitor to intentionally disrupt their run

“HF Contesting - Good Practices, 
Interpretations & Suggestions

Using QRZ.com, spot history, 3830 reports, 
LoTW, club databases
Using utilities to analyze and correct the log
Replaying the contest to change the log
Asking others who they worked or if a call 
sign is correct

over when the 2359 rolls over to 0000
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Honest competitors earn 

respect; cheaters do not

Hank Aaron
755 Home Runs

-
762 Home Runs

NOT ELECTED TO HALL OF FAME
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Covering cheating takes too much 

effort to be fun (and may not work)

The RBN and wideband recording systems can verify 
what really happened (and if your signal was wide)

Packet/Skimmer cheating is easy to detect

Power outliers sometimes obvious (plots, RBN)

Waiting until the log deadline so you can pad your log 
with guys who did not submit a log will be detected

Open Logs allow an element of crowd-sourcing

Expend your time and energy 

in more positive ways

If someone beats you, ask to exchange logs/rate sheets

If you are getting clobbered on a specific band, figure out 
why and work on it (hint: antenna)

Review your Log-Checking Report and learn from it

You will gain great satisfaction from improving your station 
and skills
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Applying Positive Peer Pressure 

to a Suspected Cheater

Be aware of your motives
Is it personal?
If necessary, enlist others to help deliver the message

Give the benefit of the doubt
They may not realize what they are doing is against the rules

Choose the right time
Can they listen without feeling attacked?

Treat the issue as a mistake, not a crime
Focus on actions, not character

Be there
People cheat because they see others get away with it
Not confronting the problem hurts everyone

There are really two scores in 

a contest

The published score the winner has the highest 
number and gets an award

The unpublished score winner gets respect

Winner Loser

Clean signal

Behaves in pileups Aggressive in pileups

Listens on spot freqs to confirm call Clicks, calls, logs bad spots

Congratulates guys who beat him

Works to improve station Looks for a way to cheat

Invited to join multiop teams Shunned



28

K3ZO (SK) View of Contesting

to operate that way.
I know a lot of guys use 

to operate that way.
I use one radio, my own 
skills and ears, and have a 

enough

Story of the Jamaican 
Olympic Bobsled Team

Coach had been 
banished from the sport 
for cheating (added 
weights to his sled)

Believed that sprinters 
would make good 
bobsledders

https://youtu.be/ADROo27EFJo
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“Relax, kid. This is supposed to be fun!”

Contest Code of Ethics, expanded
1. I will learn and obey the rules of any contest I enter, 

including the rules of my entry category. 

No spotting if not permitted, no second op or skimmer for 
single ops, off-times per rules, correct output power

2. I will obey the rules for amateur radio in my country.

Power, frequencies, licensing – wherever you transmit. 
Remote operations must be especially vigilant!

3. I will not modify my log after the contest by using 
additional data sources to correct call sign/exchange 
errors.

When it’s over, it’s over
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Contest Code of Ethics, expanded

4. I will accept the judging and scoring decisions of 
the contest sponsor as final.

No whining, no lawsuits, no threats or defamation of any 
sort. No operation is that important.

5. I will adhere to the DX Code of Conduct in my 
operating style (see dx-code.org).

Listen, listen, listen; only call when you can hear the 
station; never trust the cluster (copy the call!)…

Contest Code of Ethics, expanded

6. I will yield my frequency to any emergency 

communications activity.

Contesting is a game. Emergencies are real life.

7. I will operate my transmitter with sufficient signal 

quality to minimize interference to others.

Mic gain set properly; amp not overdriven; no splatter!

Note that CQWW rules have added language specifically 

emphasizing this rule of conduct. Expect increased 

scrutiny as SDR archives reveal the worst offenders!

www.wwrof.org
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Basic Station Automation 

Techniques & 

Recommendations

Presented by N6TV
n6tv@arrl.net

Why Automate?
Transceivers
Amplifiers
Band Decoders 
Antenna Switches
Bandpass Filters
Tuners
Summary of Recommendations
Q & A

Presentation Overview

2
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Contesting is hard work
You will get tired.  You will get sleepy.
Fatigue leads to misteaks
Automation helps prevent disastrous
mistakes
Let the machines do what they do best
You do the rest (while not getting much rest)

Why Automate?

3

Computer Logging of:
Date, time, frequency, mode, callsign, exchange

Most transmissions (CQ, Your Callsign)
CW, RTTY, Voice Keying

Changing bands on rig should automatically 
switch:

Antenna, Amplifier, Tuner
Bandpass filters / coax stubs
(For Multi-Transmitter or SO2R)

What should be automated?

4
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CW copying
Do not rely on Code Readers
Do not blindly trust every cluster spot

Voice Keying of Callsigns, Letter By Letter

Exception:  persons with disabilities
Band change decisions
How often to sign your call when running
Where to put your VFO

What should not be automated?

5

Speed and Reliability is key
Recommendation:  Use hardware automation, not 
software

Everything should switch automatically even when PC is 
OFF or rebooting
Not always possible for some transceivers or peripherals

Amplifiers and Tuners usually have RF Frequency 
Counters that will override incorrect input

Automating Band Changes Saves Time, 

and your Equipment

6
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Transceiver Drives the Peripherals

7

Band Data,
RS232, or CI-V

USB Type B

Transceiver

USB Type A

PC

Band 
Decoder

Auto Amplifier

BP
Filters

Antenna
Switch

Auto Tuner
or

SteppIR

Does not provide any VFO frequencies
TX Band Data is ideal for:

Broadband solid state amplifiers without tuners
KPA500, ACOM 500S, 600S, 700S, 1200S, PGXL, some SPE

Band decoders for antenna switches / BP filters
Top Ten, Bandmaster, ShackMaster SM-8, Hamplus, BandPasser, OM6BPF, 
Unified Micro BCD-14, various BCD band decoder boards

TX Band Data is not good enough for devices that need exact 
TX frequency

Automatic tuners and amplifiers with auto tuners
Kessler AT-AUTO, KAT500, TGXL
KPA1500, ACOM 2000A RCU, ACOM with 04AT/06AT tuner, most SPE

SteppIR controllers (FluidMotion, SDA100, OptimizIR)
Baby Loop controller

Band Data

8
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Yaesu and Elecraft use 4-

Icom uses 2-

* Icom outputs same voltage for 17m/15m and 12m/10m
Flex band data output requires special cable
Kenwood does not provide any band data output

Band Data Encoding

9

Yaesu FT-1000MP, FTdx5000, FTdx9000
Uncommon 262 -pin DIN

FTdx10, FTdx1200
Uncommon 8-pin MINI DIN

Yaesu Band Data Output Connectors

10



36

Yaesu FTdx101D, FTdx101MP
Standard DA-15F

FT-710
Standard 8-pin MINI DIN

Yaesu Band Data Output Connectors

11

Elecraft K3 and K4
Standard 15-pin DE-

Elecraft Band Data Output

12
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IC-7700, 7800, 7851, 7600, 7610
Standard 7-pin DIN:

IC-7300, IC-7410
Standard 13-pin DIN:

ICOM Band Data Output

13

Kenwood TS-590SG, TS-890S, TS-
DE-9M

COM connector is not tied to Kenwood USB port used by logger

DE-9M

-232

Custom RS- - -

Exact Frequency Output via RS-232

14
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Yaesu FTdx10, FTdx101D, FTdx101MP
DE-9M

COM connector independent of USB

Elecraft K3 or K3S
DE-9F

No independent USB connector (Elecraft K4 RS232 is independent)

open)
Custom RS- - -

Exact Frequency Output via RS-232

15

Exact Frequency Output via ICOM CI-V

16

All ICOM rigs except IC-705 provide a legacy 
-V) connector

3.5mm MONO

Two wire serial bus, 19200 baud max
Important menu setting:
Set USB CI-V Port to Unlink from [REMOTE]
(Not available on older rigs like IC-7700)
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Automatic Amplifiers

17

Usually Solid State and Broadband
Often include built-in tuners
Communicate with transceiver via Band Data, RS-
232, ICOM CI-V, or Ethernet LAN
Change bands automatically, no RF transmission 
required
Usually have internal RF Frequency Counter as 

frequency supplied from the transceiver

ACOM 2000A Amplifier

18

With new RCU
-15F
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ACOM Solid State Amplifiers

19

ACOM 500S, 600S, 700S, 1200S
-15F

Ameritron Solid State Amplifiers

20

For ALS-500M, ALS-600, ALS-1300 series, use 
ARI-500 Interface and transceiver cables
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Elecraft KPA500

21

-15M for Band Data, K3/K4
ICOM Band Data, but no ICOM CI-V support.

-9M (RS232) for Kenwood

Elecraft KPA1500

22

With built-in Antenna Tuner
-15M for Band Data, K3/K4

Kenwood / Yaesu RS-232 or Icom CI-V
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FlexRadio Power Genius XL (PGXL)

23

DE-15F for Elecraft or Yaesu Band Data (x 2)
DE-9M for RS-232 (x 2), Ethernet LAN port for Flex,
3.5mm TS for ICOM CI-V ( x 2)

RF Kit RF2K-S

24

USB Type A Connector Supports FTDI USB-to-Serial
adapters or USB-to-CI-V (CT-17) interface cables.
LAN support.  No Band Data input.  
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SPE Expert 1K, 1.3K, 1.5K, 2.0K-FA

25

DA-15F (x 2) for RS232, CI-V, and Band Data input

Connect Band Decoder input to transceiver
Band Data, CI-V, or RS-232

Connect Band Decoder output to Antenna Relay 
Box and/or Bandpass Filter Box

one line per band
For triband antennas, Band Decoder can be 
programmed to select same output line for 
multiple bands

Standalone Band Decoders

26
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Decodes Band Data, RS-232, or ICOM CI-V
Drives Antenna Relay box and/or BPF box

Array Solutions BandMaster III, IV, V, 

Shack Master SM-8

27

All use the same DE-9M connector for Band Data, 
Icom Band Voltage, and RXD/TXD RS-232 DATA 

Array Solutions BandMaster III, IV, V

28
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Interior screw terminals for inputs and outputs

Elecraft KRC-2 Band Decoder

29

Decodes ICOM CI-V, Elecraft/Yaesu BCD, and Kenwood RS-232
Drives HamPlus Antenna Relays

HamPlus MBD-8G Band Decoder

30
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Yaesu/Elecraft Band Data
No longer in production 

Top Ten Devices

Band Decoder and Band Aide

31

Yaesu/Elecraft Band Data with 

Unified Microsystems BCD-14 + HSD-9

32
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Controlled by one or two band decoders
Switches to correct antenna automatically, when 
rig changes band
Prevents two rigs from using the same TX 
antenna at the same time
Uses low loss, high power relays

Automatic Antenna Switches

33

Replace the Ameritron manual switchbox with an 
automatic  band decoder
One +13.8V line in control cable selects one antenna 
port

Ameritron RCS-8V and RCS-10

8- and 10-port Remote Coax Switches

34
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Controlled by a pair of BandMaster Band Decoders
Prevents 2 radios from connecting to the same 
antenna at the same time

Array Solutions EightPak 2x8 Antenna Switch

35

DE-15F for Elecraft or Yaesu Band Data (x 2)
Same Band Data pins as PGXL.
LAN Port for Flex.

FlexRadio Antenna 8x2 Switch

36
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2 inputs, 6 Outputs 
Driven by HamPlus Band Decoder

HamPlus AS-62 Antenna Switch

37

One +13.8V line in control cable selects 
antenna port
Connect control cable to Band Decoder output

microHAM micro SIX and DOUBLE SIX, 

switches (10 port version also available)

38
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Automatic Bandpass Filters

39

A must for operating SO2R, or Multi-Op, or Field 
Day with more than one TX
Attenuates nearby signals from adjacent bands
Typically 100 to 200W max.
High Power BPFs are also available, but much 
larger, much more expensive
Will not attenuate in-band harmonics
Switch BPFs to correct band automatically to 
prevent filter damage, high SWR

Array Solutions AS- BandPasser

40

Same as SureFire BF-100 with different label
Built-in Band Decoder for Elecraft / Yaesu Band DATA
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DuneStar 600

41

Requires Source or Sink Band Decoder to 
DE-9M connector (see manual)

DX Engineering DXE-419-P

42

outputs to DE-
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OM Power OM6BPF

43

Built-in Band Decoder (Elecraft, Yaesu, Icom 
Band Voltage)

Automatic Antenna Tuners

44

Once programmed for each segment, tuner 
remembers the tuning solution(s) for that 
frequency
Tuner restores correct tuning solution, based on 

Tuner can bypass itself automatically when 
SWR is low
Tuner may remember multiple solutions per 
frequency to support multiple antennas
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Elecraft KAT500

45

DE-15M and DE-15F passthrough for Elecraft 
AUX CABLES

-232

FlexRadio Tuner Genius XL (TGXL)

46

Same connectors and pins as PGXL
Recommendation:  Use CAT or CI-V
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Kessler Engineering AT-AUTO

47

Not to be confused with Palstar AT-AUTO
The Kessler can track rig frequency by 
RS232 instead of RF

SteppIR Automatic Antenna Controller

48

FluidMotion, SDA100, OptimizIR (SDA2000)
Tracks only by RS-232 or CI-V
Custom SteppIR interface cable or S-BOX required
Tuning Relay Interrupt opens amp. keying line while antenna is tuning
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WiMo Ultrabeam RCU-06 Antenna Controller

49

Tracks by RS-232 or CI-V, Poll ON or OFF set by app.
Tuning Relay Interrupt opens Amp. Keying Line while 
tuning

50

Band Data,
RS232, or CI-V

USB Type B

Transceiver

USB Type A

PC

Band 
Decoder

Auto Amplifier

BP
Filters

Antenna
Switch

Auto Tuner
or

SteppIR
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Interface Cables

Check DXE website or eBay

connection.

You can also try to build your own from the 
documentation and pinouts
Things get more complicated when you need to 
split Band Data Outputs or a single RS-232 
connector to multiple devices (PC, Amplifier, BP 
Filters, SteppIR Controller)

51

Y-Cables for Band Data outputs

Wiring Band Data Lines in parallel generally 
works OK, if voltages are compatible
Winford Engineering CDY15HDMFF:

N6TV Y-BOX:

52
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Sharing Transceiver RS-232 port

requires special wiring

Simple DE-9 Y-cables will not work
Connect only one TXD line to radio for polling
Wire RXD lines in parallel to all devices
The N6TV S-BOX and S-BOX-USB

Connects rig to SteppIR controllers, ACOM, SPE, RF Kit, etc. using standard 
molded cables

53

Key Recommendations

54

When possible, let the transceiver drive the 
devices, instead of  PC ports or software
Use Band Data when frequency not needed

BPFs, Antenna Switches, Broadband Amplifiers

Use RS-232 or CI-V data when frequency needed
Amps with tuners, SteppIR Controllers, automatic tuners

Use off-the-
comfortable wiring your own interconnection 

do 
anything.”
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References

https://www.qrz.com/db/n6tv - Links to this and other 
presentations

https://bit.ly/Y-BOX - -

https://bit.ly/S-BOX -

n6tv@arrl.net
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Questions?

56
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Optimizing Low Band

Receiving Antenna
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Small antennas
High performance antennas
Diversity reception

Frank Donovan
W3LPL
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Why Receiving Antennas?

Much better performance than most transmitting antennas
much lower cost
greatly reduced footprint
greatly reduced height  (7 to 25 feet)
good directivity on as little as 650 to 2500 square feet
excellent directivity on less than an ¼ acre
directivity equivalent to a 5 element Yagi on less than 3/4 acre
greatly reduced mutual coupling between individual receiving verticals
greatly reduced need for efficient matching and extensive radial systems

High performance arrays perform equivalent to a 5 element Yagi!

Combining two antennas with a variable phase controller 
steerable nulls
optimizes the front-to-back ratio of phased Beverages and phased verticals

Diversity reception with dual phase locked receivers

All receiving antennas dimensions are for 
160 meters - simply scale them to 80 meters

Receiving Directivity Factor (RDF)
proven measure of receiving antenna performance

Compares forward gain at the desired azimuth and elevation angle
to average gain over the entire hemisphere

EZNEC computes antenna RDF

Assumes noise is equally distributed over the entire hemisphere
an invalid assumption for suburban and especially urban locations        
where noise is often concentrated on the horizon at specific azimuths

Assumes that RFI is more then 1000 feet away, in the far field        
of the antenna

where the antenna pattern of large antennas is fully formed, and 
RFI sources look more like a point sources

www.w8ji.com/receiving.htm

Re-radiation from antennas, towers and power lines 
within about 1000 feet can degrade your actual RDF             

especially for high RDF arrays
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Small Receiving Antennas
4 to 11 dB RDF

close to the ground

5 dB:  Single vertical antenna (short vertical or ¼ wavelength vertical)

6 dB:  225 foot Beverage on Ground (BOG)    poor low angle sensitivity

7 dB:  250 foot Beverage about 7 feet high     better low angle response
7 dB:  Unidirectional terminated small loop close to the ground

flag, pennant, EWE, VE3DO

8 dB:  Two switchable small terminated loops at right angles to each other
K9AY Array
Shared Apex Loop Array

8 dB:  Pair of 250 foot staggered Beverages about 7 feet high
9 dB:  Two phased short verticals with 60 to 80 foot spacing
9 dB:  Triangle array of phased short verticals with 60 to 80 foot spacing
11 dB: Vertical Waller Flag: two phased vertical loops close to the ground

Small antennas provide better RFI reduction     
when local RFI sources are within about 1000 feet

High Performance Receiving Antennas
10 to 14 dB RDF

10 dB:  Pair of 400 foot staggered Beverages about 7 feet high
10 dB:  500 to 600 foot Beverage about 7 feet high  ideal for both 160 and 80 meters
11 dB:  Two or three close spaced 500 to 600 foot Beverages, staggered 125 feet
11 dB:  Vertical Waller Flag: 2 phased close spaced vertical loops close to the ground
12 dB:   700 to 1000 foot Beverage about 7 feet high  too long for 80 meters
12 dB:  4 square array of active or passive short verticals               80 x 80 ft
12 dB:  3 element YCCC tri-band array of short active verticals     120 ft long
12 dB:  5 element YCCC tri-band array of short active verticals      84 x 84 ft
12 dB:  9-circle YCCC tri-band array of short active verticals  120 ft diameter
12 dB:   Horizontal Waller Flag: 2 phased horizontal loops  100 feet high minimum
13 dB:   1100 to 1300 foot Beverage about 7 feet high  much too long for 80 meters
13 dB:   BSEF array of 4 short verticals switchable in two directions  350 ft x 65 ft
13 dB:   8-circle array of short verticals with 106º phasing              200 ft diameter
13 dB:   8-circle BSEF array of short passive verticals     350 ft diameter + radials
14 dB:   Four broadside/end-fire 750-1000 foot Beverages              750 ft x 330 ft

Large antennas are less effective than               
small antennas for suppressing local RFI 

sources within about 1000 feet
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Z 

Single Small Loop Antennas
4 - 7 dB RDF   120 to 150º 3 dB beam width 

8 foot diameter 4 dB RDF
bi-directional 150º  3 dB beam width
24 dB deep vertically polarized null with very narrow 2º null width
must be installed close to the ground to optimize the depth of the null
by suppressing horizontally polarized signals
a specialized antenna for steering a deep narrow null onto the RFI source
onto a single ground wave propagated vertically polarized RFI source
a 17 foot diameter loop has better DX sensitivity but only 20 dB deep nulls

Unidirectional terminated small loop antennas             6 - 7 dB RDF
Flag       Pennant       EWE       K9AY      VE3DO
120º  3 dB beam width

Mechanically rotatable unidirectional terminated small loop antenna
rotatable flag                                                                          6 - 7 dB RDF
120º  3 dB beam width

Small antennas are the best RFI reduction antenna 
when RFI sources are within 1000 feet

Two End-Fire Phased Vertical Loops
1919

worldradiohistory.com/UK/Wireless-Age/Wireless-Age-1919-Apr.pdf
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Two End-Fire Phased Vertical Loops

1919

worldradiohistory.com/UK/Wireless-Age/Wireless-Age-1919-Apr.pdf

1000 ft1000 ft

5000 ft

40
0 

ft

40
0 

ft

Arrays of Two Small Loops
8 - 11 dB RDF   80 to 120º 3 dB beam width

Electrically switchable compact arrays of two small loops
two switchable K9AY loops installed close to the ground                  8 dB RDF
Shared Apex Loop Array installed close to the ground 8 dB RDF
120º  3 dB beam width

350 ft broadside spaced small terminated loops               9 - 10 dB RDF
Flag    pennant    EWE    K9AY    VE3DO   installed close to the ground
80º  3 dB beam width

Mechanically rotatable array of two end-fire close spaced small loops
Vertical Waller Flag: 2 phased vertical loops close to the ground    11 dB RDF
Horizontal Waller Flag >100 feet high - superb RFI suppression     11 dB RDF
80 degree  3 dB beam width
Close spaced end-fire small loops produce extremely low signal levels

requires at least 40 dB of preamp gain and 2 dB preamp noise figure or less
extreme attention to common mode signal suppression invest in ferrites

Small antennas are the best RFI reduction antenna 
when RFI sources are within a few thousand feet
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BOGs and Arrays of BOGs
BOGs have poor low angle sensitivity

6 to 8 dB RDF   60 - 90º 3 dB beam width

BOG                                  100º  3 dB beam width 6 dB RDF
225 foot wire supported just above but not on the surface of the ground

Switchable bi-directional BOG   100º  3 dB beam width 6 dB RDF   
225 foot coax cable supported just above but not on the surface of the ground

Close spaced staggered BOGs  100º   3 dB beam width 7 dB RDF
two or three close spaced BOGs with 125 foot end fire spacing
significantly improves front-to-back ratio especially if a variable phase 
controller is used

Two wide spaced BOGs           60º  3 dB beam width 8 dB RDF
350 foot broadside spaced BOGs reduces beam width to 60º

BOGs are very low sensitivity antennas especially 
at low angles requiring excellent suppression

of coaxial cable common mode signals

Beverages and Beverage Arrays
only 7 feet high to suppress horizontally polarized signals

single wire Beverage or two wire reversible Beverage

6 to 14 dB RDF    45 to 120º 3 dB beam width

250 foot Beverage 120º   3 dB beam width 8 dB RDF   

400 foot Beverage            100º   3 dB beam width 9 dB RDF 

500 to 600 foot Beverage 80º   3 dB beam width 10 dB RDF

600 to 750 foot Beverage 70º   3 dB beam width 11 dB RDF   

750 to 1000 foot Beverage 60º   3 dB beam width 12 dB RDF

Staggered Beverage arrays 80º   3 dB beam width 11 dB RDF
two or three 500-600 foot Beverages with 125 foot end-fire spacing
significantly improves front-to-back ratio with a variable phase controller

Broadside Beverage arrays 45 - 60º  3 dB beam width     12-14 dB RDF
two Beverages  with 350 foot broadside spacing, or
four Beverages with 125 foot end fire spacing and 350 foot broadside spacing
significantly improves front-to-back ratio with a variable phase controller
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1300 Foot Beverage installed by Paul Godley 2ZE

Near the waterfront in Ardrossan, Scotland

During the successful 1921 Transatlantic Tests

Beverages were all but forgotten by hams for 45 years until 
K1PBW re-introduced them to 160 meter DXers in 1967

Arrays of Short Phased Verticals
9 - 14 dB RDF   50 to 135º 3 dB beam width

Active high impedance 20 foot verticals 
capable of multi-band operation with some performance compromise
no radials
requires a high input impedance amplifier at the base of each vertical

----- or ----
Passive low impedance 25 foot verticals

mono-band operation only
very easy to troubleshoot and repair    low parts count    very reliable
eight 70 foot or sixteen 35 foot radials at the base of each vertical 

stabilizes the feed point impedance during all weather conditions
decouples the coax shield to suppress common mode signals

four 25 foot umbrella wires
reduces the required height to 25 feet 
increases the array bandwidth
or 35 foot verticals with no umbrella wires

Any monoband array of phased short verticals   
can use either high or low impedance verticals
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Small Diameter Loop Antenna

Excellent for nulling a single nearby RFI source
RFI to be nulled must be vertically polarized and received via ground wave

Superb for precisely locating RFI  very small loops have deeper nulls
Bi-directional figure-8 pattern        very broad 150º  3 dB beam width

Must be installed close to the ground to suppress horizontally polarized signals 
Very deep approximately 2º wide nulls off both sides of the loop

mechanically rotate the loop until the single local RFI source is nulled
the null is not as deep for skywave propagated signals

Small loop antennas produce very low signal levels
requires a 20-30 dB gain, very low noise figure preamplifier
a low sensitivity receiving antenna for DX, limited by preamp noise figure

All attached cables must be choked to suppress common mode signals
install common mode chokes on the coaxial feedline and preamp power cable
bury cables about 12 inches deep for optimum null depth

Avoid re-radiated signals from nearby antennas and power lines
locate the antenna as far as possible from other antennas and power lines

www.seed-solutions.com/gregordy/
Amateur%20Radio/Experimentation/160loop.htm

8 Foot Diameter Loop Antenna       
4 dB RDF    150º 3 dB beam width   deep 2º nulls

Inexpensive and very easy to build and use
Good compromise size with 24 dB null depth and fairly good sensitivity

24 dB nulls 2ººwide broadside to the loop for local RFI suppression 
Very broad 150º figure-8 bidirectional 3 dB beam width

Poor sensitivity for weak DX signals
Needs a preamplifier with 20-30 dB gain and 2 dB noise figure
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Electrically Steerable Small Loops
Two K9AY loops

switchable in four directions 
footprint is only 25 x 25 feet and 25 feet tall
120º  3 dB beam width
7 dB RDF

Shared Apex Loop Array
switchable in eight directions 
footprint is only 50 x 50 feet and 25 feet tall
75º  3 dB beam width
8 dB RDF

All small loop antennas produce very low signal levels
a high gain, low noise figure preamplifier is essential
requires very careful attention to choking unwanted common mode signals

choke the coaxial cable feed line and filter the control cable and power cable
bury the cables about 12 inches deep for best unwanted signal suppression

Avoid re-radiated signals from nearby antennas, towers and power lines
locate the antenna as far as possible from antennas, towers and power lines

Two K9AY Loops
7 dB RDF in only 625 square feet

very small 25 x 25 foot square x 25 feet high 
switchable in four directions

120º  3 dB beam width

www.arraysolutions.com/antennas/as-ayl-4-ant
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Shared Apex Loop Array
8 dB RDF in only 2500 square feet

50 x 50 foot square x 25 feet high 
switchable in eight directions 

75º  3 dB beam width

www.arraysolutions.com/antennas/as-sal-30

Waller Flag Array Vertical or Horizontal

11 dB RDF in only 30 feet of length
Two small terminated loops with very close end-fire phasing

For most locations: 14 feet tall and 30 feet long
For quiet locations: 20 feet tall and 50 feet long

80º  3 dB beam width
Requires a 30-40 dB gain preamp with very low 2 dB noise figure

A horizontal Waller Flag must be at least 100 feet high but higher is better

wwrof.org/wp-content/uploads/2016/03/WWROF-
WEBNAIR-RX-Antennas-for-a-Small-Lot-.pdf



69

Single Wire Beverage Antenna

1920

www.w8ji.com/beverages.htm

k9la.us/Trends_in_Beverage_and_BOG_Performance.pdf

Single Wire Beverage
The simplest and most reliable high performance receiving antenna

250 to 400 feet long     100º-120º  3 dB beam width     7-10 dB RDF
500 to 750 feet long 70-80º  3 dB beam width   10-12 dB RDF
750 to 1000 feet long             60º  3 dB beam width   12-13 dB RDF            
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vimeo.com/199235390

Beverage on (or very near) Ground
6 dB RDF with only 225 feet of length

a good choice when stealth is important
signal levels are much stronger if the wire is elevated just a few inches

only about 225 feet long -- longer lengths significantly degrade performance
90 to 100º 3 dB beam width

Very low signal levels requires a high gain preamp with very low noise figure

Two Wire Bi-directional Beverage - 1921
Switchable in two directions with one feed line

deep steerable rear null if both feed lines feed a variable phase controller

w0btu.com/Beverage_antennas.html
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Radiation Pattern of a 600 Foot Beverage

http://ncjweb.com/features/sepoct11feat.pdf

Staggered Beverage Array - 1927
11 dB RDF on one acre

Two or three close spaced, 500 to 600 foot staggered Beverages
or two or three close spaced 225 foot BOGs but only 7 dB RDF
Enhanced front-to-back ratio compared to a single Beverage or BOG
The deep rear null can be steered by a variable phase controller
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Broadside Pair of Staggered Beverages - 1927

14 dB RDF on 8 Acres
800 foot Beverages, 350 foot broad side spacing

50º  3 dB beam width

Phased High Impedance Verticals
Two or More 20 Foot Verticals

No radials 
No umbrella wires
Switchable in multiple directions
Multi-band operation with compromise 65 foot element spacing
80 foot element spacing for improved 160 meter performance

somewhat closer spacing is possible by using a variable phase controller

High input impedance amplifier at the feed point of each vertical
stray capacitance must be reduced to a very low amount
in the construction of the feed point of each vertical and amplifier input

Verticals must not be installed within ten feet of nearby objects
Avoid nearby trees or any conductive or partially conductive structure

Avoid re-radiated signals from nearby antennas and power lines
locate the antenna as far as possible from antennas, towers and power lines

hizantennas.com
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Radiation Pattern of a                           

Two Element Array of 20 Foot Verticals

9 dB RDF in 80 feet or less

dxengineering.com/parts/hiz-4-lv2-80

Electrically Steerable 4-Square Vertical Array

12 dB RDF on less than ¼ acre
four high impedance 20 foot verticals

no radials     no umbrella wires 
80 x 80 foot square x 20 feet high

high input impedance amplifier at the base of each vertical
switchable in four or eight directions

100º 3 dB beam width

OZ1RDP
Photo
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Radiation Pattern of a                           

4-Square Array of 20 Foot Verticals

12 dB RDF on less than ¼ acre  

hizantennas.com/8_element_arrays.htm

Electrically Steerable 8-Circle Vertical Array

13.5 dB RDF on only ¾ acre
eight high impedance 20 foot verticals 

no radials and no umbrella wires
requires a high input impedance amplifier at the base of each vertical

only 200 feet in diameter
switchable in eight directions with 106º phasing

50º 3 dB beam width, equivalent to a 5 element Yagi
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200 Foot Diameter 8-Circle Array

Radiation Pattern

High impedance verticals with 106º phasing

YCCC Triband Receiving Array
12 dB RDF on only ¼ acre

3, 5 and 9 element configurations with identical performance
switchable in 180º, 90º and 45º azimuth steps respectively
80º  3 dB beam width 
slightly wider beam width and slightly lower RDF on 80 and 40 meters

120 feet in diameter 
No radials 
No umbrella wires
High impedance amplifier at the feed point of each 20 foot vertical
A common mode choke must be attached to each feedline where       
it connects to the controller
Install at least 10 feet from nearby trees and metallic structures
Avoid re-radiation from nearby towers, antennas and power lines

locate the antenna as far as possible from other antennas and power lines

static.dxengineering.com/global/images/
instructions/dxe-yccc-3inline.pdf
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Phased Low Impedance Verticals
Two or More 25 Foot Monoband Umbrella Verticals

Short radials are required at the base of each vertical 
eight 70 foot radials, sixteen 35 foot radials or chicken wire
randomly laid on the ground or shallow buried, symmetry is not important

Four 25 foot umbrella wires attached to the top of each vertical 
umbrella wires reduce antenna height and improve array bandwidth
or use 35 foot verticals with no umbrella wires

As little a 65 foot element spacing
small spacing works best when used with a variable phase controller

Amplifiers not needed at the base of each vertical - better reliability
Switchable in multiple directions
Very easy and low cost to homebrew your own antenna

large diameter arrays are very tolerant of moderate amplitude and phase errors

Low impedance verticals are tolerant of nearby trees and buildings
Avoid re-radiated signals from nearby towers, antennas and power lines

locate the antenna as far as possible from other antennas and power lines

Excellent Performance and High Reliability

www.iv3prk.it/user/image/site2-rxant.prk_4-square_1.pdf

Electrically Steerable 4-Square Vertical Array

12 dB RDF on ¼ acre
four low impedance 25 foot umbrella verticals

four 25 foot umbrella wires attached to the top of each vertical
eight 70 foot radials or sixteen 35 foot radials per vertical

65 x 65 foot square footprint plus additional space for short radials
switchable in four directions

easy and inexpensive to build
100º  3 dB beam width

OZ1RDP
photo
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construction details:  www.w5zn.org

Electrically Steerable 8-Circle Vertical Array

13.5 dB RDF on four acres
eight low impedance 25 foot umbrella verticals

four 25 foot umbrella wires installed on each vertical
eight 70 foot radials or sixteen 35 foot radials installed under each vertical

350 foot diameter plus space for radials
or only 200 foot diameter when used with a Hi-Z 106º phasing controller

switchable in eight directions
Very easy and inexpensive to build

50º  3 dB beam width, equivalent to a 5 element Yagi

W3LPL umbrella vertical

Seven foot
fence posts

Umbrella 
wires

25 foot 
vertical

Two foot
rebar base

350 Foot Diameter 8-Circle Array

Radiation Pattern

Four phased elements with 115º end fire phasing
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160 and 80 Meter Receiving Antenna Layout 

at W3LPL

Eight

160M 

25 foot

umbrella

verticals

in a 350 foot

diameter

circle

Eight

80M 

25 foot

umbrella

verticals

in a 175 foot

diameter

circle

NE

Beverage

South

Beverage

West

Beverage

1200 feet to 

transmitting 

antennas

Receiving Antenna Phasing System

DX Engineering NCC-2

dxengineering.com/parts/dxe-ncc-2

Combines the inputs from two antennas
- creates a directional pattern with steerable deep nulls
- significantly improves the performance of phased Beverages and phased verticals
- very well engineered and exceptionally easy to use 
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Phase Synchronous Diversity Reception
Two widely spaced antennas (at least 500 foot spacing)

feed two identical high performance phase locked receivers

Elecraft K3s transceiver with KRX3 sub-receiver
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Remote Contesting is operating your Amateur Station from a physically remote location, be it a few miles away or
around the world, during a contesting event.

You can do it as a single op, as a multi-op hybrid, with both local ops and remote ops, or, as a fully-remote multi with 
no one at the station.

Typically, remote contesting is accomplished using the Internet as a transport. That’s the subject of this talk.  I’ll 
concentrate on operating HF remotely.

Technology is sufficiently advanced that a remote contesting system can vary from extremely simple to extremely 
complex, with great results at either end of the complexity spectrum. I’ll show you examples.

Different from casual operating or DXing remotely, remote contesting has unique challenges which must be overcome 
for successful results. I’ll discuss some of those challenges in this presentation.

Remote contesting is very compatible with almost all existing contests.  For the typical Single-Op, Multi-single, and 
Multi-Multi categories, operating remotely is exactly the same as being at the shack.

Remote Contesting is contesting with physical freedom.

(VY1JA QTH Whit h Y k T it )
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Your location is not good: local noise, proximity to or distance from populations, no real competition, or 
too much competition.

You have antenna or travel restrictions/budget restrictions.

You have no station of your own, and want to experience HF.   (Club station, friends QTH, etc.)

You travel a lot and don’t want to lug a lot of gear with you.

You want to operate a contest with others, but health restrictions are preventing in-person operation 
(COVID).

Because you can: another adventure in the contesting game.

To overcome the technical challenge.

(VY1JA QTH, Whitehorse, Yukon Territory)

The good news is remote is neither difficult, expensive or 
costly.   The trick is the right recipe!

(VY1JA QTH, Whitehorse, Yukon Territory)

TTTTTTTTTThhhhhhhheeeeeeeeeeeeeeeeeeeeeeeeeeee ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggoooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooodddddddddddddddddddddddddddddddddd nnnnnnnnnnnnnneeeeeeeeeeewwwwwwwwwwwsssssssssssssss iiiiiiiiiiiiiiiiiisssssssssssssssss rrrrrrrrrrrrrrrrrrrrrrrreeeeeeeeeeeeeeeeeeeeeeeeeeeeeemmmmmmmmmmmmmmmmmmmmmmmmmmmmoooooooooooooooooootttttttttttttttttttttttttteeeeeeeeeeeeeeeeeeeeeeeeeeee iiiiiiiiiiiiiiiiiiiiiiiiisssssssssssssssssssssss nnnnnnnnnnnnnnnnnnnnnnneeeeeeeeeeeeeeeeeeeeeeeeeiiiiiiiiiiiiiiiiiiiiitttttttttttttttttthhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhheeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeerrrrrrrrrrrrrrrrrrrrrrrrrr dddddddddddddddddddddddiiiiiiiiiiiiiiiiffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffiiiiiiiiiiiiiiiiccccccccccccccccccuuuuuuuuuuuuuuulllllllllllllllllllllttttttttttttttttttttttttttt,,,,,,,,,,,  eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeexxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxpppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeennnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnsssssssssssssssssssssssssssssssssssssssssssssssssssssiiiiiiiiiiiiiiiiivvvvvvvvvvvvvvvvvvvvvvvvveeeeeeeeeeeeee oooooooooooooorrrrrrrrrr 
ccccccccccccccoooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooossssssssssssssssssssssssssssssssssssssssssssssssssssssssstttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttllllllllllllllllllyyyyyyyyyyyyyyyyyyyy......   TTTTTTTThhhhhhhhhhheeeeeeeeeee tttttttttttttrrrrrrrrrrrrrrriiiiiiiiiiiiicccccccccccccccccccckkkkkkkkkkkkkkkkkkkkkkkkkkkk iiiiiiiiiiiiiiiiiiiiiiiiiiiissssssssssssssssssssssssssssssss  tttttttttttttttthhhhhhhhhheeeeeeeeeeeeeee rrrrrrrrrrrriiiiiiiiiiiiiiiggggggggggggghhhhhhhhttttttttttttt rrrrrrrrrrrrrreeeeeeeeeeeeeccccccccccccccciiiiiiiiiiiiiiiippppppppppppppppeeeeeeeeeeeeeeeeee!!!!!!!!!!!!!!!!!!!!!!

((((((((((((((((((((((((((((((((((((((((((((((((((((((VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY11111111111111111111111111111111111111JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJAAAAAAAAAAAAAAAAAAAAAAAAA QQQQQQQQQQQQQQQQQQQQQQTTTTTTTTTTTHHHHHHHHHHHH,,,,,,,,,,  WWWWWWWWWWWWWhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhiiiiiiiiiittttttttttttteeeeeeeeehhhhhhhhhhoooooooooorrrrrrrsssssssssssseeeeeeeeeee,,,,,  YYYYYYYYYYYYYYYYYYYYYYYYuuuuuuuuuuuukkkkkkkkkkkkkkkkkkkkkoooooooooooooooooooooonnnnnnnnnnnnnnnnnnnnnnn TTTTTTTTTTTTTTTTTTTTTeeeeeeeeeeeeeeeeeeeerrrrrrrrrrrrrrrrrrrrrrrrrrrrriiiiiiiiiiitttttttttttooooooooooooooooooooorrrrrrrrrrrrrrrrrrrryyyyyyyyyyyyyyyy))))))))))))))))))

Like many other aspects of the hobby, you can spend as much or as little 
as you want: the good news is if you do it right, you can expect your 
operating skill to determine how well you score, not how much you 
spend.

When planning to operate remote, these are a few of the considerations:
What radio you will use.
What level of station automation you will require.
What type of Internet connection you have, and what interface technology to 
use.

(Cayman Brac, Cayman Islands, home of ZF9CW)
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Almost any radio less than 30 years old will work for remote.  All it needs to have is 
CAT control.

That said, we are contesters.  So – evaluate your radio choice for all other 
considerations before considering a purchase solely on a radio’s remote capabilities.

There are three classes of radios appropriate for remote operation:
Radios built before Internet remote was a consideration.   These radios must at 
least have CAT control.   These radios can be put into remote service by adding 
hardware or simple software.
Radios built to support Internet remote, either through hardware and/or 
software mechanisms.  Radios in this class include the Kenwood TS-590S/SG, 
the Icom 7300/7610/7800, the Yaesu FTDX series, and the Elecraft K3/K4 
series.
Radios built from the ground up intended as Internet-based radios: Flex, 
SunSDR, etc.

ALL of the radios mentioned are capable of delivering world-class scores while operating in a remote 
situation. 

good news is remote is neither difficult, expensive or costly.   The trick is the right recipe!

(VY1JA QTH, Whitehorse, Yukon Territory)

The good news is remote is neither difficult, expensive or 
costly.   The trick is the right recipe!

(VY1JA QTH, Whitehorse, Yukon Territory)

If your station has manual antenna selection controls, a manually-tuned 
amplifier, and an old-fashioned rotor controller, you are going to have a 
rough time contesting remotely with any level of operator satisfaction.

On the other hand, as an advanced contester, if you have automatic 
band switching via a band decoder, some stack-match switches, rf-relays 
that switch alternate antennas, and a modern rotator controller, you are 
in great shape.

If you are in the later category, the next step is to get software and/or 
hardware to enable display of the above items on your computer 
desktop.   Shop the DX Engineering catalog, or, if so inclined, write a bit 
of code and use off-the-shelf relay boards and rotor controller kits to 
automate the station.  
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Almost any kind of Internet service will work for remote.

There are three things to consider: 
Latency
Jitter
Bandwidth

Latency is the amount of delay present between the station and your remote location.  Latencies between 60-150 mS are quite 
acceptable, and remote works with latencies of over a quarter second, but it’s not that much fun.  That said, latency does not affect 
your ability to break pileups – the determining factors are typically the skill of the operator and the performance of the station.

Jitter is the instantaneous change in latency over time.  In ham radio, we want our overall latency (Internet connection + 
encode/decode overhead) to be low. Therefore, we don’t buffer as much.  Jitter will quickly cause our buffers to empty, leading to 
audio breakup. 

Bandwidth is how “thick” your pipe is to the Internet. For really good remote operation, you don’t need much.  800Kbps up and
down will work just fine for a single station. However, you have to watch out for what is called “Bandwidth Starvation”.   Typically, 
you’ll run other software when running remote.  The combination of all components determines the needed bandwidth.   If you starve 
your connection, you will not be satisfied.

What ISP Technologies work best for Internet Remote?
Fiber and Cable work the best.
Cellular 4G/LTE/5G works well IF you have sufficient bandwidth. (800 Kbps both directions.  Some radio technologies will 
require more.)
Point-to-Multipoint Wireless is the worst situation, and I’ve rarely had it work.   Most Wireless ISPs using Time-Division 
Multiplexing to serve sectors from a Multipoint radio.   During the “off” time, the latency and jitter goes infinite, and audio 
dropouts will occur.   If you have a wireless ISP, see if you can get a point-to-point connection.
DSL is totally acceptable IF you have at least 800 Kbps of upload speed per radio. (upload is the determining factor, usually.)
Satellite, such as any LEO service like Starlink, will work excellent for remote hf operation.  Geostationary services will not work 
as they have excessive latency.

Bandwidth requirements will multiply in a multi-radio scenario.   That said, I’ve operated very successful M/2 using Bonded DSL with 
12 Mbps down and 1.2 Mbps up.
good news is remote is neither difficult expensive or costly The trick is the right recipe!

The good news is remote is neither difficult, expensive or 
costly.   The trick is the right recipe!

(VY1JA QTH, Whitehorse, Yukon Territory)

No matter the radio type, just about every remote connection uses what is 
called a peer-to-peer client-server model.

In this model, your station is a server, and remote clients connect to the server.   
The address (IP address) or domain name must be known, and, it must be 
publicly accessible to the client.

Understanding the network topology of the Internet, and the complexities of 
routing, the Domain Name Service, Network Address Translation (NAT) or 
Virtual Private Networking is beyond most hams.  If the term Port Forwarding 
makes your stomach churn, it is best to find a networking guru among your 
ham buddies, and have them set up your network for remote.   That said, there 
are some very good off-the-shelf solutions that will eliminate these remote 
headaches.

The Flex guys understand this, so they offer the Smartlink Service, which 
essentially manages all of this complexity for you.  However, many of us would 
like to use a variety of radios, and may not have Internet Service that Flex 
supports…
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A

(VY1JA QTH, Whitehorse, Yukon Territory)

A Rendezvous Server is a known server on the Internet 
that has public access for all.  It’s purpose is to connect 
Peer-to-Peer applications (such as our remote client 
server peers).   In this scenario, you simply point both 
your station and the remote clients at the same 
Rendezvous Server.
The number one use of this technique is software 
applications that provide Remote Desktop capabilities 
between peer computers on the Internet.  The most 
popular of these services are Anydesk, TeamViewer and 
Rustdesk.  

A

(VY1JA QTH, Whitehorse, Yukon Territory)

Anydesk is a free download from Anydesk.com.

Install Anydesk on both the Station side and Remote Side.

Anydesk has configuration options to allow anytime remote access using a secure password.  
You can even set an “alias” for the remote-desktop address of your station, such as 
“w1ve@ad” 

Here’s what Anydesk looks like when
connected to one of the stations at K1TTT’s
multi-multi.  Remember I talked about 
automation being the key?  Here you see 
The N1MM+ Logger, antenna switching, rotor
control, rig control and even SDR 
panadaptor displays, all accessible via a 
simple Anydesk connection. 
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A

(VY1JA QTH, Whitehorse, Yukon Territory)

Mumble is open-source audio conferencing client-server software developed by Internet real-time gamers.

Mumble is available for a wide variety of operating systems.

The mumble server and client software is free, and can be downloaded from Mumble.com.

The trick for successful, very easy remote operation is to use Mumble as a Rendezvous server:  Have your 
station and remote position connect to a publicly-known Mumble server.  This has many advantages: it 
lowers the bandwidth requirements for multiple ops to join, and, no port forwarding is required.

What I do is host mumble servers on very cheap Linux Virtual Private Servers, which you can lease for a 
few dollars a month.  It is beyond the scope to discuss all that here.  Check https://lowendbox.com for 
great deals on small linux VPS Servers.  A good guide for installing a Mumble Server on Ubuntu is at 
https://www.unixmen.com/install-mumble-server-ubuntu/

I have a complete guide to using Mumble for Remote available at 
http://files.w1ve.com/Installing_and_Configuring_Mumble_for_Amateur_Radio_Remote_Operations.pdf

Don’t want to wait?  I have a large set of mumble servers for hams.  Pick one that is close to you: 
na.audio.radiosport.network, arctic.audio.radiosport.network, west.audio.radiosport.network, 
northwest.audio.radiosport.network, and eu2.audio.radiosport.network.  All work on the default port, with 
password Demo!

A

(VY1JA QTH, Whitehorse, Yukon Territory)

Setup Anydesk to your station computer’s desktop. 

If you are running Icom, Kenwood or Yaesu remote applications, run them on your desktop at 
the station, and control them over Anydesk.  It is much less complex then networking devices.

Use a Mumble server in my list or setup your own. (See the guide)

Here’s the multipler desktop at ZF5T. During 
This years ARRL DX CW, we finished top Low
Power DX World (claimed).   Here’s a few lines from
our CBS file.  The Internet connection in Cayman
Brac?   It’s Digicell 4G LTE!
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(VY1JA QTH, Whitehorse, Yukon Territory)In any serious contest endeavor, there is always a level of 
complexity.  Adding remote to the mix makes it worse.

Engineer your remote to reduce complexity.  
The Internet can be unreliable.  A connection that drops for a few 
seconds can completely through you off your game in the 
reconnection scenario is too complex:

Bad Example:  N1MM+ Logger connected to SmartSDR-CAT + SmartSDR to 
remote Flex Radio.  The Internet goes down.  N1MM+ loses connection to the 
radio.  SmartSDR-CAT loses it’s virtual ports.  Essentially you have to bring it 
all down and back up in sequence to work properly.
Good Example: Your Anydesk Connection Drops.  Your Mumble audio drops.  
You immediately reconnect Anydesk and have control.   Then, you reconnect 
Mumble and have audio. Downtime limited to a few seconds.

The good news is remote is neither difficult, expensive or 
costly.   The trick is the right recipe!

(VY1JA QTH, Whitehorse, Yukon Territory)

One of the most important factors for multi-ops is inter-operator communication:  in-band co-
ordination, passing, band changes, talking strategy.  

In a hybrid or completely remote scenario, you can’t tap the op sitting next to you on the shoulder.  
However, there are a bunch of techniques that work really well:

Mumble can have many channels.  Some can be set up for Operator chats.   In addition, the Mumble 
interface offers a text chat window.
Out-of-band text and audio chat applications such as WhatsApp or Telegram are very reliable and 
provide another channel for communication.

Here’s the Mumble Server K1LZ used during ARRL DX CW, where 9 of the operators were remote:
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The good news is remote is neither difficult, expensive or 
costly.   The trick is the right recipe!

(VY1JA QTH, Whitehorse, Yukon Territory)

Mumble: http://www.mumble.com.   Lots of online documentation for 
setting up both a sever and the client.  (both your station and 
operators are clients.)
Anydesk: http://www.anydesk.com.   Be sure to download the free 
version.  Install Anydesk, and set a password for remote access.   
Anydesk allows setting an alias, which is easy to remember.  Most of 
us set it as your callsign.  Then, connecting is as simple as entering 
callsign@ad.
RemoteRig: details available at http://www.remoterig.com.
DF3CB Yaesu control software (free) http://www.df3cb.com.
WFView free Icom control software: http://wfview.org
N1MM+ Logger, great for remote access, 
See my Remote Contesting articles in National Contest Journal.  I 
cover many topics related to remote operating and station building.

The good news is remote is neither difficult, expensive or 
costly.   The trick is the right recipe!

(VY1JA QTH, Whitehorse, Yukon Territory)

Email me anytime: Gerry@w1ve.com
Questions?
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CTU 2023 Presents

RTTY FT4/8 Digital Contesting 
Ed Muns, W0YK & P49X

Digital Contesting is Fun!

RTTY Contesting Digital Contesting
RTTY

Operating
Setting Up

FT4/8
Operating
Setting Up

2nd How to Maximize Your Digital Contest 
Station and Operation”

2/96
18 May 2023
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Lots of RTTY Contests
~ two/month

Biggies (3) (3 - FT4/8)
ARRL RTTY Roundup (1st weekend in Jan)
CQ WPX RTTY (2nd weekend in Feb)

st weekend in Jun)
WW Digi (last weekend in Aug)
CQ WW RTTY (last weekend in Sep)
FT Roundup(1st Sat in Dec)

NCJ contests (4)
NAQP RTTY (3rd Sat in Feb, 2nd Sat in Jul)
Sprint RTTY (2nd Sat in Mar & Oct) 

Other popular RTTY contests (7)
BARTG:

Sprint (3rd weekend Jan)
HF RTTY (3rd weekend Mar)
75 Baud (3rd weekend Apr)

WAE RTTY (2nd weekend in Nov)
JARTS, Makrothen, SARTG (2)

NCCC Sprint (52 - every Thursday evening)

3/96
18 May 2023

Three Largest RTTY ContestsThree Largest RTTY Contests

0

1,000

2,000

3,000

4,000

5,000

6,000

7,000

8,000

9,000

10,000

1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

L
o

g
s
 R

e
c
e
iv

e
d

CQ WW RTTY

CQ WPX RTTY

ARRL RTTY Round-Up

CQ WW CW

CQ WPX CW

+ FT4/8

4/96
18 May 2023



90

What Makes a Great RTTY 

Contester?

1) Contester who happily logs casual callers
2) Uses CW & SSB techniques where useful
3) Strives to exploit RTTY uniqueness

Auto-
things difficult with CW & SSB, e.g., SO3R!
Speed is ~2x CW

4) Applies learning back to CW & SSB

5/96
18 May 2023

What is RTTY?
compared to CW

CW

1) One RF carrier

2) Local audio pitch

3) On or off
key up is data 0
key down is data 1

4) Morse code
typically 25-40 wpm

RTTY

1) Two RF carriers 170 Hz 
apart (Space & Mark; Shift)

2) Local audio tones

3) One on and other off
Space is data 0
Mark is data 1

4) Baudot code
constant 60 wpm
(or 45.45 Baud)

6/96
18 May 2023
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What is RTTY?
Figures Shift

5-bit code 32 chars.
2 sets:

Letters set & Figures set
6 common control chars.

LTRS (unshifted)
FIGS (shifted)
Null, Space, LF, CR

LTRS or FIGS toggle set

Code Control Characters
11111 LTRS
11011 FIGS
00000 Null
00100 Space
01000 LF
00010 CR

Letters Figures
ITA2 USTTY

00011 A -
11001 B ?
01110 C :
01001 D ENQ $
00001 E 3
01101 F !
11010 G &
10100 H #
00110 I 8
01011 J BELL '
01111 K (
10010 L )
11100 M .
01100 N ,
11000 O 9
10110 P 0
10111 Q 1
01010 R 4
00101 S ' BELL
10000 T 5
00111 U 7
11110 V ;
10011 W 2
11101 X /
10101 Y 6
10001 Z "

7/96
18 May 2023

What is RTTY?
code history

Gauss & Weber (1833)
Baudot code (1870)

Manual bit entry
5-bit ITA1 code
Two 32-bit character sets

letters
figures

Murray code (1901)
Teletype character entry
Western Union variation

5-bit ITA2 code (1930)

USTTY variation

ASCII (1963)
7-bit ITA5 code

Code Control Characters
11111 LTRS
11011 FIGS
00000 Null
00100 Space
01000 LF
00010 CR

Letters Figures
ITA2 USTTY

00011 A -
11001 B ?
01110 C :
01001 D ENQ $
00001 E 3
01101 F !
11010 G &
10100 H #
00110 I 8
01011 J BELL '
01111 K (
10010 L )
11100 M .
01100 N ,
11000 O 9
10110 P 0
10111 Q 1
01010 R 4
00101 S ' BELL
10000 T 5
00111 U 7
11110 V ;
10011 W 2
11101 X /
10101 Y 6
10001 Z "

8/96
18 May 2023
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What is RTTY?
Figures Shift

The LTRS and FIGS characters do not print

prints depends on if you are in Letters or Figures set
Note that the LTRS, FIGS and Space characters appear in both 
sets

KI7GUO DE K4GMH

LTRS K I FIGS 7 LTRS G U O Space D E Space K FIGS 4 LTRS
G M H

Why do we care to understand this?
If a burst of static garbles the LTRS or FIGS character, then what 
prints after that is from the wrong set until the next LTRS or FIGS
character appears

9/96
18 May 2023

What is RTTY? 
UnShift on Space

UnShift On Space (USOS or UOS)
Increases noise immunity for alpha text
Space character forces a shift to the Letters set

Contest exchanges are alpha and numeric
Should UOS be on or off?
Should Space or Hyphen delimit exchange elements?

599 1079 1079    or    599-1079-1079

Recommendation:
Turn on both RX & TX UOS and use Space delimiters

10/96
18 May 2023
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What is RTTY? 
audio tones

Space and Mark audio tones

Analogous to CW pitch
Operator choice
Each operator can use different tone pairs
Transmission is two RF carriers 170Hz apart

Must be same in radio and decoder/encoder

11/96
18 May 2023

What is RTTY?
AFSK vs. FSK

Two methods of transmission:
AFSK (Audio Frequency Shift Keying)

keyed audio tones into SSB transmitter via:
Mic input, or
Auxiliary audio input. e.g., Line In

FSK (Frequency Shift Keying)
on/off keys the transmitter just like CW

Note: Receiving is the same in either case.

12/96
18 May 2023
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What is RTTY? 
dial frequency

spots are often wrong

RTTY RF is independent of local audio tones and 
whether LSB or USB is used:

The higher RF frequency is the Mark (14090.000 kHz)
The lower RF frequency is the Space (14089.830 kHz)
The difference between the two is the shift (170 Hz)

FSK displays Mark (14090.000 kHz)

AFSK displays suppressed carrier which varies with local 
audio tones and sideband used!

For Mark tone of 2125 Hz (Space tone of 2295 Hz):
LSB (14092.125 kHz)
USB Mark & Space tones reversed (14087.005 kHz)

13/96
18 May 2023

What is RTTY?
AFSK vs. FSK

FSK
Direct (like CW keying)

RTTY (narrow) filtering
Dial = Mark frequency
PTT
COM FSK keying cable
Can use low tones

No audio level adjust
No disabling speech proc.
No erroneous sound keying

Less pitfalls

AFSK
Indirect (tones Mic input)

Any SSB radio (esp. legacy)

SSB (wide) filtering
Dial = sup. car. frequency
VOX
Audio cable (a’la FT8, JT65/9, PSK31)

Must use high tones
NET (automatic TX tone control)

Less bandwidth (depends on radio)

Easier hook-up; NET

14/96
18 May 2023
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What is RTTY? 
summary

Uses 5-bit Baudot (actually, USTTY) code with two 
sets of 32 characters: Letters and Figures

Local Space & Mark tones analogous to pitch in CW
Constant 45.45 Baud (60 wpm) asynchronous 
character stream with 5 data bits and 2-3 sync bits
Figures Shift & Letters UnShift

Use optional UnShift-On-Space (UOS), plus space delimiter
AFSK vs. FSK transmission (receiving is the same)

Radio dial frequency differences
100% duty cycle!

15/96
18 May 2023

however, this attribute …
frees the operator to improve other skills
enables more contest participants
provides mode diversity for contest junkies

… stay tuned, it’s really not that difficult!

16/96
18 May 2023
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RTTY Considerations

Much like CW and SSB, except:
Non-human decoding implications

serial number repeat, universal “fist” or “voice”
Distractions are tempting

watch TV, do email, read, etc.

RTTY established practice
‘CQ’ at end of CQ message

Whisper-level headphone volume; low tones
just to detect presence & timing

Key-

17/96
18 May 2023

RTTY Sub-Bands

10 meters:  28080-28100, during contests 28080-28200
JA: 21070-21150

15 meters:  21080-21100, during contests 21080-21150
JA: 21070-21150

20 meters:  14080-14100, during contests 14080-14150 
JA: 14070-14150

40 meters:  7025-7050 & 7080-7100, during contests 7025-7100
JA: 7030-7100

80 meters:  3580-3600, during contests 3560-3600
JA: 3520-3575 and 3599-3612

160 meters:  1800-2000
No RTTY contesting

18/96
18 May 2023
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RTTY Messages
CQ WPX RTTY Contest

Short, as with CW/SSB
No extraneous info
599 (not 5NN) once
Serial number twice
Space (not hyphen)

RTTY chars
%R (CR, LF)
%E (drop PTT)

End with Space

www.rttycontesting.com/tutorials/messages

%E

19/96
18 May 2023

RTTY Messages
formatting

CR/LF Space Receive

%E

20/96
18 May 2023
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Super Check Partial
call sign selection

SCP (Super Check Partial) enables computer 
to select call signs in receive window

Unworked calls (no mult)
New mults and double mults
Dupes

Use main SCP from CW/SSB/RTTY contests
RTTY SCP is a subset, so use full file

N1MM Logger

21/96
18 May 2023

Super Check Partial
logger differences

N1MM Logger

WriteLog Win-Test

Custom colors

Highlight option

22/96
18 May 2023
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Tips
“All I receive is gibberish!”

-
Reverse Mark & Space
LSB vs. USB

Figures vs. letters
TOO=599, WPIR=2084
UOS should be on
Shift-click to convert, or look 
at top two rows

Audio-In level, tones, 
flutter

23/96
18 May 2023

Tips
“They never answer me!”

-
FSK: polarity switch in radio
AFSK: LSB vs. USB; polarity select in software

Off frequency
AFC on with NET (AFSK only) off [recommend RIT instead]
AFC & NET on by default in MMTTY

changes not sticky; change defaults in USERPARA.INI

AFSK: Mic & SC levels; speech processor on
Radio mode, tones, FSK interface

24/96
18 May 2023
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More Tips

caution!
Practice

During RTTY contests (~ two per month)
NCCC Thursday night practices (weekly)

Multi-Ops

25/96
18 May 2023

RTTY Operating
summary

Many casual RTTY contest participants
RTTY sub-bands; 10-80 only; avoid audio-digital & beacons
500 Hz receive filtering; USOS on

Short, 5NN, unique exchange twice, Space delimiter
Common problems

-
Figures vs. Letters
Audio:

RX audio output level and TX (AFSK only) audio input level
Unmuted soundcard inputs and outputs
Space and Mark tone consistency between decoder and radio

Off-frequency tuning (AFC & NET); band conditions

26/96
18 May 2023
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however, this attribute …
frees the operator to improve other skills
enables more contest participants
provides mode diversity for contest junkies

… stay tuned, it’s really not that difficult!

27/96
18 May 2023

How Do I Set it Up?
overview

Acquire and set up hardware and/or software to 
convert between the RTTY audio tones and text:

RTTY receive decoder
RTTY transmit encoder
PC-radio interface

Configure decoder/encoder
Integrate decoder/encoder with logger

The rest of the station setup is the same as for CW 
and SSB

28/96
18 May 2023
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How Do I Set it Up?
RTTY decoder/encoder

RTTY receive decoder 
converts the two RTTY 
tones to printed 
characters.

CW decoders seldom 
used
Ears/brain/hands for 
CW/SSB

RTTY transmit encoder 
converts typed characters 
(or messages) into the 
two tones (AFSK) or 
on/off keying (FSK).

logger CW keyers and 
SSB DVKs are also used, 
similar to RTTY encoders
Otherwise, 
brain/hands/mouth for 
CW/SSB

29/96
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How Do I Set it Up?
decoder/encoder terminology

The RTTY transmit encoder and receive 

decoder is sometimes referred to as a 
MODEM or a TNC:

MODEM = MOdulator DEModulator
TNC = Terminal Node Controller

MODEMs can be:
a hardware box, or
a software application driving a PC soundcard

30/96
18 May 2023
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How Do I Set It Up?
hardware MODEM

Radio

Computer

FSK

MODEM

audio out

Line In

FSK input

RX TX

Term. Em. or Graphic UI

FSK output

Radio

Computer

AFSK

MODEM

audio out

Line In

audio input

Line Out

RX TX

Term. Em. or Graphic UI

31/96
18 May 2023

How Do I Set It Up? 
hardware MODEM

32/96
18 May 2023



104

How Do I Set It Up?
software application & soundcard

Radio

Computer

AFSK

Soundcard

audio out

Line In

audio input

Line Out

RX TX

RTTY decoder/encoder

Radio

Computer

FSK

Soundcard

audio out

FSK & PTT

keying cable
Line In

USB/Serial port

FSK input

RX TX

RTTY decoder/encoder

PTT

33/96
18 May 2023

How Do I Set it UP?
cables

Receive:
RX audio out to 
soundcard
Optional DSP filter

Transmit:
AFSK: TX audio in from 
soundcard, or

FSK: FSK/PTT keying

1:1 isolation transformer

JPS NIR-12, or …

1:1 isolation transformer,
or

Keying interface

34/96
18 May 2023
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How Do I Set It Up?
ground loops

Eliminate ground loops between radio and PC
Otherwise insert 1:1 audio isolation transformer on:

RX output
TX Mic input (AFSK only)

Alternatives:
Bourns LM-NP-1001-B1L transformer homebrew cable
Ground loop isolators
W2IHY iBox
Commercial RTTY interfaces
K3 (uses Bourns LM-NP-1001-B1L on LINE IN & OUT)

35/96
18 May 2023

How Do I Set It Up?
homebrew audio isolation

$1.78

Bourns LM-NP-1001-B1L

-90 dBc 3rd order IMD

36/96
18 May 2023
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How Do I Set It Up?
ground loop isolators

Radio Shack $19.49   or   eBay $6.99 eBay $3.35

eBay $5.50 eBay $7.45

-64 dBc 3rd order IMD

37/96
18 May 2023

How Do I Set It Up?
W2IHY iBox audio isolation

$60

38/96
18 May 2023
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How Do I Set It Up?
commercial interface audio isolation

Rascal

39/96
18 May 2023

How Do I Set It Up?
radio audio isolation

K3: IN LINE OUT

40/96
18 May 2023
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How Do I Set It Up?
SDR digital audio isolation

analog: IN LINE OUT

digital: CODEC (soundcard)

K3S

41/96
18 May 2023

How Do I Set It Up
optional radio AF filtering

PC Audio isolation
Transformer
Commercial interface
Some radios (K3, Flex)

Narrow IF filters (Roofing & DSP)
500 Hz - normal
250 Hz extreme QRM only 
Tone filters 

Icom Twin Peak Filter
K3 Dual-Tone Filter

Audio filtering
JPS NIR-10/12
Timewave DSP-599zx
Modern DSP rigs

42/96
18 May 2023
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How Do I Set It Up?
adjust RX audio

Set RX audio level for noise 5% of full-scale
Receiver audio out level control, and/or
Windows Recording Volume Control applet

43/96
18 May 2023

How Do I Set It Up?
adjust AFSK audio

Insure SSB processor (compression) is Off.
Adjust:

the Windows Playback Volume control, and
the transmitter Mic (or auxiliary audio input)

Such that:
ALC is just backed off to moderate, and
full power output is attained.

44/96
18 May 2023
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How Do I Set It Up?
PTT vs. VOX

AFSK uses VOX or PTT
radio Mic input will allow VOX
rear panel auxiliary audio input may not; then PTT
PTT can usually be keyed via the radio CAT cable

FSK uses PTT
Serial port controls FSK and PTT signals

45/96
18 May 2023

How Do I Set It Up?
homebrew FSK & PTT keying cable

FSK: TXD (3)
PTT: RTS (7)

FSK input
PTT input

(DB9 pin #) Gnd (5)

on radio

46/96
18 May 2023
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How Do I Set It Up?
W3YY FSK & PTT keying cable

47/96
18 May 2023

How Do I Set It Up?
Morrty

48/96
18 May 2023
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How Do I Set It Up?
commercial interfaces

RASCAL

49/96
18 May 2023

How Do I Set It Up?
RigExpert  Interfaces

50/96
18 May 2023
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How Do I Set It Up?
commercial interfaces

See May-June 2012 NCJ, “RTTY Contesting” column

51/96
18 May 2023

How Do I Set It Up?
microHAM interfaces

One Radio

SO2R

52/96
18 May 2023
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How Do I Set It Up?
RigExpert & microHAM interfaces

See May-June 2012 NCJ, “RTTY Contesting” column

53/96
18 May 2023

How Do I Set It Up?
summary - receive

1. Connect receiver audio output, via isolation, 

MODEM Audio In,
or

MMTTY via Soundcard Line In (or Mic In with 
pad):

Enable/adjust soundcard Line In (or Mic) input, 
disable/mute other inputs

2. Optional receive audio filtering

54/96
18 May 2023
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How Do I Set It Up?
summary - AFSK

1.
via isolation, from:

MODEM Audio Out

Soundcard Line Out

2. Speech processor off
3. Enable/adjust SC audio level

Disable or mute all other SC outputs

55/96
18 May 2023

How Do I Set It Up?
summary - FSK

1. Connect the radio FSK and PTT inputs to:
the MODEM FSK and PTT outputs and connect the 
MODEM Serial port to the PC (USB adapter)

the RTTY interface FSK and PTT outputs and 
connect the interface Serial port to PC (USB 
adapter)

2. If no PC Serial port, then use a USB-Serial 
adapter.

Edgeport USB-Serial adapters are known good.
56/96

18 May 2023
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Decoders
MMTTY

Dominant soundcard MODEM in use today
Exceeds performance of most other MODEMs
Freeware since introduction in 2000
Written by Mako, JE3HHT

57/96
18 May 2023

How Do I Set It Up?
MMTTY standalone

Leave UOS on

Turn off: NET
AFC

Squelch

inside display

received 
text

transmitted 
text

Messages

58/96
18 May 2023
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How Do I Set It Up?
MMTTY Option menu

Soundcard
levels

MMTTY
setup

59/96
18 May 2023

How Do I Set It Up?
MMTTY Option/Setup/Demodulator

Set tones
(radio same)

60/96
18 May 2023
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How Do I Set It Up?
MMTTY Option/Setup/TX

TX UOS on

FSK/PTT port

Select LTR Soundcard
Line Out level

512 Tap,
if PC has perf.

AFSK PTT

61/96
18 May 2023

How Do I Set It Up?
MMTTY Option/Setup/Misc

AFSK

FSK

Soundcard

Soundcard
Format, 4x

62/96
18 May 2023
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How Do I Set It Up?
MMTTY Option/Setup/SoundCard

Select receive
Soundcard

Select transmit
Soundcard
(AFSK only)

63/96
18 May 2023

CQ WPX RTTY
logs received: 2022 vs. 2012

64/96
18 May 2023
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RTTY Contest Loggers

WriteLog (1994; created for RTTY)

CW & RTTY came later
www.rttycontesting.com/tutorials

N1MM Logger+ (2000; dedicated RTTY software designer)

Free
www.rttycontesting.com/tutorials

Win-Test (2003; RTTY is low priority)

All three integrate MMTTY & 2Tone and
have similar functionality for basic RTTY contesting.

65/96
18 May 2023

A Blizzard of Details!
this is fun??

Start Simple, then Enhance

MMTTY (free)

get RX working (std audio cable from radio to PC)

get TX working using either:
AFSK (2nd std audio cable from radio to PC)

FSK (keying cable or commercial interface)

Integrate MMTTY with logging software
Enhance later

Audio isolation (highly recommended)

2Tone
Higher capability interface (DIY or commercial)

Advanced setup: SO2V, SO2R, multiple decoders, ...

66/96
18 May 2023
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Resources

www.rttycontesting.com premier website
Tutorials and resources (beginner to expert)
WriteLog, N1MM Logger+ and MMTTY

rtty@groups.io Email reflector
RTTY contester networking
Q&A

Software web sites
hamsoft.ca/ (MMTTY)
n1mm.hamdocs.com/tiki-index.php (N1MM Logger+)
www.writelog.com (WriteLog)
www.win-test.com (Win-Test)

Software Email reflectors
mmtty@yahoogroups.com (MMTTY)
N1MMLoggerplus@groups.io (N1MM Logger+)
Writelog@contesting.com (WriteLog)
support@win-test.com (Win-Test)

67/96
18 May 2023

Clublog QSOs by Mode

68/96
18 May 2023
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Clublog % QSOs by Mode: 

2017-2018

CW
Phone

RTTY
JT65/9

FT8
+FT4

69/96
18 May 2023

The FT8 Explosion

70/96
18 May 2023
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Digital Mode Trends
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LotW Uploads by Mode

2017 2018
71/96

18 May 2023

Three Largest FT4/8 ContestsThree Largest FT4/8 Contests
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+ FT4/8

ARRL

Int'l Digital

72/96
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WSJT & WSJT-X Overview

Weak Signal communication by Joe Taylor - eXperimental

Developed for EME; adapted by HF

Several modes (JT65, JT9, FT8, etc.)

TX/RX cycles synchronous with time servers

+ Multi-channel (external spotting and CQ/S&P irrelevant)

+ Weak signal (inaudible)

+ Longer DX

+ Lower power

+ Compromised antennas and/or QTH

+ Narrow bandwidth (4-176 Hz)

+

73/96
18 May 2023

FT8 Multi-Channel Reception 

02:35:15

02:34:45

02:34:45

02:36:15

My Tx

His Tx

74/96
18 May 2023
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WSJT-X Overview

+ Multi-channel (external spotting and CQ vs. S&P irrelevant)

+ Weak signal (FT8 -13dB & FT4 -10dB compared to RTTY)

+ Longer DX

+ Lower power

+ Compromised antennas and/or QTH

+ Narrow bandwidth (4-176 Hz: FT8=50 Hz; FT4=80 Hz)

+

- Slow 1-6 minutes/QSO 30 seconds (FT4)

- Limited, fixed messages fine for contesting

- Minimal reaction time message automation

75/96
18 May 2023

RTTY & WSJT History

1850 1875 1900 1925 1950 1975 2000 2025

76/96
18 May 2023



126

WSJT & WSJT-X History

2001: FSK441 for meteor scatter

2002: JT6M for ionospheric scatter

2003: JT65 VHF/UHF EME

Adopted for QRP HF DXing; 176 Hz bandwidth; 60 sec. transmission

2014: JT9 for LF, MF and HF

2 dB more sensitive than JT65; 16 Hz bandwidth

Jun 2017: FT8 for 6m Es & HF

50 Hz bandwidth; 15 second transmission

May 2018: Baker Is. DXpedition > 11,000 FT8 HF QSOs

Dec 2018: FT8 Roundup (first WSJT-X HF contest)

Jan 2019: ARRL RTTY Roundup (FT8 permitted)

Apr 2019: FT8 DX Contest

Sep 2019: SCC RTTY Championship WW Digi

Jun 2022: ARRL International Digital 

Jan 2023: ARRL RTTY Roundup becomes RTTY-only

77/96
18 May 2023

Major FT Contests

ARRL RTTY Roundup [1st weekend in Jan]
2019: FT8 added
2020: FT4 added
2022: RTTY-only or FT-only or Mixed
2023: RTTY-only; no other modes

ARRL International Digital [1st weekend in Jun]
Distance-based scoring

WW Digi DX Contest [last weekend in Aug]

plus Grid multipliers
minus 160m and 6m

FT Roundup [1st weekend in Dec]
RTTY Roundup rules

78/96
18 May 2023
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FT8 Standard QSO

CQ K1ABC FN42

W9XYZ K1ABC -11

W9XYZ K1ABC RRR

K1ABC W9XYZ EN37

K1ABC W9XYZ R-09

K1ABC W9XYZ 73

(superfluous 2nd QSL)

90 sec./QSO

79/96
18 May 2023

FT8 Short-Cycle QSO

CQ K1ABC FN42

W9XYZ K1ABC R-11

CQ K1ABC FN42

N5DEF K1ABC R-07

K1ABC W9XYZ -09

K1ABC W9XYZ RR73

K1ABC N5DEF -01

30 sec. rolling QSOs

60 sec./QSO

(TX2, not TX1)

80/96
18 May 2023
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FT8 DXpedition QSO

CQ KH1/KH7Z

K1ABC KH7Z -12

K1ABC RR73

W9XYZ KH7Z -08

W0YK KH7Z -13

W9XYZ KH7Z RR73

W0YK KH7Z RR73

KH7Z K1ABC FN42

KH7Z K1ABC R-14

KH7Z W9XYZ EN37

KH7Z W0YK CM97

etc.

KH7Z W9XYZ R-11

KH7Z W0YK R-15

KH7Z K9YC CM87

KH7Z W6OAT CN87

etc.

75 sec./QSO

60 sec./5 QSOs

QSO period 1

QSO period 2

QSO period 3

81/96
18 May 2023

WW Digi QSO

CQ WW K1ABC FN42

W9XYZ K1ABC R-FN42

W0YK K1ABC R-FN42
nd

P49X K1ABC R-FN42
nd

P49X K1ABC 73

(superfluous 2nd QSL)

K1ABC W9XYZ EM05

K1ABC W9XYZ RR73

K1ABC W0YK CM97

K1ABC W0YK RR73

K1ABC P49X FK52

K1ABC P49X RR73

60-75 sec./QSO

30 sec./rolling QSO

QSO period 1

QSO period 2

QSO period 3

K1ABC W9XYZ RR73

K1ABC W0YK RR73

82/96
18 May 2023
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WW Digi QSO

CQ WW K1ABC FN42

W9XYZ K1ABC R-FN42

W0YK K1ABC R-FN42
nd

P49X K1ABC R-FN42
nd

P49X K1ABC 73

(superfluous 2nd QSL)

K1ABC W9XYZ EM05

K1ABC W9XYZ RR73

K1ABC W0YK CM97

K1ABC W0YK RR73

K1ABC P49X FK52

K1ABC P49X RR73

60-75 sec./QSO

30 sec./rolling QSO

QSO period 1

QSO period 2

QSO period 3

K1ABC W9XYZ RR73

K1ABC W0YK RR73

W9XYZ may want 73

W0YK may want 73

83/96
18 May 2023

Setting Up for FT8

Download/install WSJT-X

Alternatively MSHV or DigiRite (WriteLog only)

Hardware (radio and PC) same as AFSK

Study the:

Quick Start Guide to WSJT-X 2.0, and

the WSJT-X User Guide

84/96
18 May 2023
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Time Synchronization
mandatory for reliable QSOs

Windows Internet Time Sync
Weekly updates
Can be unreliable

Alternatives
Meinberg NTP (recommended by K1JT)
NetTime (recommended by W0YK)
Dimension 4
Atomic Clock Sync

85/96
18 May 2023

Sub-Band Choices

Suppressed-Carrier dial frequency
FT4: 14080
FT8: 14090

-4 kHz

Move dial frequency up in 3 kHz increments

86/96
18 May 2023
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Split Transmit

87/96
18 May 2023

Deep Decode

88/96
18 May 2023
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Utilize Odd/Even Cycles

89/96
18 May 2023

WW Digi DX Contest

1

5

4

3

2

90/96
18 May 2023
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Minimizing NILs in WW Digi

FT contest NILs are high
RTTY is 1-2%, FT is 5-6%

QSO partners disagree on QSO completion

CQ W0YK CM97

W0YK AA5AU EL92        AA5AU answers with exch

AA5AU W0YK R CM97    W0YK QSLs with exch

W0YK AA5AU RR73        AA5AU QSLs

AA5AU W0YK 73              W0YK QSLs AA5AU’s QSL!
when does it end?

91/96
18 May 2023

Two Generals Paradox [1,2]

[1] E. A. Akkoyunlu, K. Ekanadham, and R. V. Huber, 1975
"Some Constraints and Trade-offs in the Design of Network
Communications", page 73
[2] Jim Gray, 1978
"Notes on Data Base Operating Systems”, page 465

Boss Gang

Job

Unreliable communication

The Gangsters

92/96
18 May 2023
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FT Repeat Protocol

CQ W0YK CM97

W0YK AA5AU EL92        AA5AU calls with exch

AA5AU W0YK R CM97   W0YK QSL’s with exch

W0YK AA5AU RR73       AA5AU QSL’s
AA5AU W0YK R CM97   W0YK missed QSL msg

W0YK AA5AU RR73       AA5AU repeats QSL

93/96
18 May 2023

Minimizing NILs
Recommendation

Develop skill to dynamically change message
e.g., use the Alternate F1-F6 keys in WSJT-X

Always log the QSO when receiving a RRR, 
RR73 or 73 message.
Always log the QSO when sending RRR, 
RR73 or 73 message.

Look for a clue that your message was not 
received, e.g., your QSO partner re-sends his 
report.

94/96
18 May 2023
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FT8 vs. FT4 Strategy

FT4 is faster; FT8 decodes better
Intrinsic vs. extrinsic speed

FT4 is intrinsically 2x the speed of FT8
FT8 is more likely to decode
Either might be extrinsically faster at a given time

Dynamically use the mode with highest QSO rate

New stations & multipliers in each mode

95/96
18 May 2023

Resources

Software web sites
physics.princeton.edu/pulsar/K1JT/wsjtx.html (WSJT-X)
n1mm.hamdocs.com/tiki-index.php (N1MM Logger+)
https://writelog.com/digirite (DigiRite)
www.writelog.com (WriteLog)

Software Email reflectors
wsjt-devel@lists.sourceforge.net (WSJT-X)
n1mmloggerplus@groups.io (N1MM Logger+)
digirite@groups.io (DigiRite)
writelog@contesting.com (WriteLog)

Tutorials for WW Digi DX Contest
rttycontesting.com/tutorials/n1mm/operating-ww-digi-with-n1mm/ N1MM+/WSJT-X
rttycontesting.com/tutorials/writelog3/digirite/ WriteLog/DigiRite

96/96
18 May 2023
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Small Station Bang for 

the Buck

Ward Silver, NØAX
Thanks to CTU and Icom America

Overview

Assumptions

Priorities
Building On Success
Bang for the Buck
Refine & Enhance
Q&A at the End



137

The Beginnings

Every operator and station is different
We all started low and slow

The path is its own reward!

Assumptions Your Station

Modest station
One radio
No amp or not-legal-limit amp
One PC available

Modest budget
Limited space

City or suburban lot
Some aesthetic constraints
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Assumptions About You!

Familiar with contesting
Willing to study

Contest technique
Propagation
Basic technical practices

Pick your battles
Committed to practice, practice, practice

Success is incremental: layer by layer
Peel the onion

S&P then CQ then CQ faster
SO1R then SO2R then ???

Operator improvement is continuous
Study and analyze and plan
Pick the low-hanging fruit first



139

Cycle of Life

Observe

Judge

Act

Cycle of Life

Observe

Judge

Act

Repent
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Priorities

Operator First
Technique Second
Antennas Third
Radios Fourth
Gadgets Last

The Operator A Human!

Head and Eyes
Back & Arms
Your Butt
Fitness (Before and During)
Diet and Rest Cycles
Stay Alert & Engaged
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The Operator Mental Acuity

Incredibly important
Fun or Slog? Choose!
Maintain concentration, remove distractions
Preserve and enhance accuracy
Labels and logical, consistent layout

The Operator Know-How

Know your station
Study propagation
Learn your software
Copy and recognize calls
Study your old logs
Compare with logs of your peers
Study the logs of winning stations
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Technique

Practice makes the master
Listen to the masters up close

Start working with multi-op teams
Or start one!
Ask them questions!

Trade recordings or listen live

Technique Gimmes

Run more and whenever you can
Find propagation that allows your station to run

Think signal-to-noise on both ends

Type send speak copy accurately
Breathe, be consistent, find a rhythm
A second radio make it play
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Technique Accuracy

Go for World Class accuracy (<1% error)
Study that LCR/UBN report

What do you consistently miss?
What do others consistently miss from you?

Pull out full calls
Be wary of databases and spots
Learn not to guess and when to move on

Technique Managing Time

Running is key
Rate meter QSOs per mult
Distractions

Packet and DX-ing
Too much adjusting and tweaking

Operating time and off-time planning
Go get that next contact!

No magazines, no TV, no texting, no browsing
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Technique Managing Score

Watch for & move mults (Sunday!)
Avoid penalties at all costs
Expeditions em all!
Make skeds during the contest

Know the propagation

Quick reviews of the situation now and then
Review and adjust your plan

The Second Radio & Antenna

Keep it simple

Integrate into your station
Target low-rate periods

Consider adding automation
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The Second Radio Using It

In-band tuning
The quick QSY
Running and tuning at the same time

Learn to listen to two audio streams at one time
Practice shifting your focus

Great for spot-chasing while slow-running
Operate for a net gain

CQing

Call away from the Big Guns for best SNR
Respond consistently & efficiently
Work the fast stations first
Pull out a full call whenever you can

Manage your RF Gain & Attenuation
Learn to rely on your ears for filtering
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Antenna Selection

Biggest bang for the hardware buck
Improve for the next level
Simplify switching and aiming

Contesting is not DX-ing

A small fixed Yagi to EU, Carib, PacRim, or ?
Simple low-band receive antennas

Reduce noise = reduce fatigue

Radios

Clean receiver most important
Wide dynamic range
Gain management
Filtering
Low audio distortion
Modern radios are all just fine, used correctly

Clean transmit code, phone, digital
Learn to use it!
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Gadgets

The fewer boxes to manage, the better
Carefully evaluate the need
Are there alternatives?
Is the extra complexity worth it?
Integrate into the station
Learn to use it!

Software

Turn off unused features & windows
Upgrade and test before Friday
Arrange windows to match your layout
Learn how to 

Edit a previous QSO while not suspending a run
Switch focus between radios

Put the monitor where you can see it easily
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Resources

Other contesters & your contest club
3830scores.com soapbox
SO2R tutorials, station photos, videos
Towertalk, Amps, Top Band reflectors
National Contest Journal & ncjweb.com

Check out the Bonus Content
Contest club newsletters

Priorities

Operator First
Technique Second
Antennas Third
Radios Fourth
Gadgets Last
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Thanks!
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Competitive 

Transmitting Antennas 

for Solar Maximum

When will it arrive and how long will it last?
Vertically polarized 160 meter antennas
Horizontally polarized 80 to 10 meter antennas
Single Yagi stations
Stacked Yagis
Multi-tower stations

CTU 2022

Solar Cycle 25 Solar Flux Index Forecast
NASA Marshall Space Flight Center

2 Mar 2023

www.nasa.gov/msfcsolar
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How Propagation is Affected
Over the Next Five Years

as Solar Maximum Arrives Next Year
Then Starts to Decline About 2 Years Later
Solar maximum propagation conditions began in January 2023
Solar maximum is likely to occur next year
10 and 15 meter worldwide DX will persist later into the night        
for at least the next 2 years
Excellent 10 meter worldwide propagation will continue for
at least the next 3 years
Disturbed geomagnetic conditions will become much more
frequent next year, persisting for about 7 years
10 meter propagation starts to slowly decline in about 4 years
15 meter propagation starts to slowly decline in about 5 years

20

40

160

15

8010

10 and 15 meters have become much more productive near solar maximum
40 and 20 continues to be very productive near solar maximum

80 is less productive near solar maximum
160 is much less productive near solar maximum

Relative Number of CW DX Contest 
QSOs Per Band as Solar Cycle 25

Nears Solar Maximum
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Transmitting Antenna Elevation Angles 
as Solar Cycle 25 Nears Solar Maximum

10 meters - early morning to post-sunset worldwide DX band
most DX propagation is at low elevation angles 5 to 10 degrees

marginal DX paths require very low elevation angles well below 5 degrees

15 meters - pre-sunrise to hours after sunset worldwide DX band
most DX propagation is at low to mid elevation angles 5 to 15 degrees

marginal DX paths require very low elevation angles well below 5 degrees

20 meters - 24 hour very crowded competitive worldwide DX band
DX propagation covers low, mid and high elevation angles       5 to 20 degrees

marginal DX paths require low elevation angles below 5 degrees

40 meters pre-sunset to post-sunrise worldwide DX band
requires a broad range of elevation angles 10 to 25 degrees

marginal DX paths require low elevation angles below 10 degrees

80 meters - post-sunset to sunrise less reliable, weaker DX band
use very efficient antennas covering a broad range of angles  10 to 25 degrees

160 meters - much less reliable, mostly weak signal DX band 
vertical antennas almost always provide much better DX performance 

Competitive stations near solar maximum
need very effective 15 and 10 meter antennas

6 dB of Ground Gain
for Horizontally Polarized Antennas

At Least 0.2 Wavelengths High

Its extremely  difficult to achieve 6 dB of

ground gain with vertical polarization
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Horizontally polarized dipoles, Yagis or quads
easily provide 6 dB of very important ground gain over almost any soil
must be installed at an appropriate height
terrain must be reasonably smooth and free of large obstructions
but nearby antennas can destroy ground gain, antenna gain and directivity

Some vertically polarized antennas achieve nearly 6 dB of ground 
gain    

but only over highly conductive soil such as a salt marsh or ocean front

Competitive DX contest stations require high horizontally polarized 
40 through 10 meter antennas for low angles to Japan and Asia

Stacked Yagis provide additional gain by suppressing unwanted   
high angle radiation and redistributing the power into low angles

if installed at proper heights and spacings to obtain significant stacking gain
a Stackmatch allows selection of the optimum elevation angle

Horizontal antennas easily achieve 6 dB of 
ground gain when installed at proper heights

Vertical Polarization for 160 Meters 

Vertical, inverted-L, T, and umbrella antennas 
almost always provide much better DX performance than  
horizontally polarized antennas at distances beyond 1500 miles

Nearby tall towers and antennas can significantly 
degrade the gain and directivity of vertical antennas

antenna pattern degradation
increased ground losses

Efficient radial systems are essential to achieving the   
full performance potential of vertical transmitting 
antennas

Verticals almost always provide much better
DX performance than horizontal 160M antennas
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High Performance Transmitting 

Antennas for 160 Meter DX

125 foot vertical: the gold standard 160 meter DX antenna
well spaced from all nearby tall towers and antennas

at least 140 ft from towers over 80 feet tall supporting large HF Yagis
optimum performance with spacing much greater than 140 feet

at least 30 to 60 shallow buried 125 foot radials
or at least two (preferably four or more) elevated 125 foot radials

but only if 30 to 60 shallow buried 125 foot radials are not possible
a K2AV folded counterpoise is a good alternative for small lots

Inverted-L, T and umbrella antennas are good alternatives
50 feet or higher (as short as 35 feet with reduced performance)
supported by a tower, mast or trees

or a corner fed delta loop or corner fed inverted-U antenna

Cage T-Vertical Used by 1BCG at about          

1500 kHz during the 1921 Transatlantic Tests

By far the strongest North American signal heard
in Europe during the 1921 Transatlantic Tests



155

Horizontal Polarization on 80 Meters

Easily Achieves 6 dB of Ground Gain 

Horizontal dipole or inverted-V dipole about 50 feet high
superb antenna for domestic contests: Sweepstakes and Field Day
a good DX antenna for distances up to about 5000 miles

Horizontal dipole or inverted-V dipole at least 70 feet high
outperforms a single 65 foot vertical installed over all but the most 
conductive soils such as a salt marsh

Use a vertical antenna if you cannot install a dipole or      
inverted-V dipole at least 70 feet high

65 foot vertical, inverted-L, T or umbrella with at least thirty 50 foot radials
or a corner fed delta loop or a corner fed inverted-U
verticals are very susceptible to degradation by nearby towers

Four-square vertical array
very competitive with high horizontally polarized antennas
at least sixty 65 foot shallow buried radials for each vertical

High Performance Transmitting 
Antennas for 80 Meter DX

Horizontal dipole at least 70 to 100 feet high
higher is better

65 foot vertical
install at least 30 to 60 shallow buried 65 foot radials

or at least two (but preferably four or more) elevated 65 foot radials
only if shallow buried radials are not possible

verticals are very susceptible to degradation by nearby tall towers

at least 70 feet from towers more than 40 ft tall supporting a Yagi antenna
optimum performance with much more than 70 foot spacing

Inverted-L, T and umbrella verticals are good alternatives
as little as 25 feet tall -- supported by a tower or trees
install at least 30 to 60 shallow buried 65 foot radials

or elevated radials 
or a K2AV reduced size counterpoise for a small lot

or a vertically polarized corner fed delta loop or corner fed inverted-U
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K3ZO (SK) Installed his 3 Element        

80 Meter Yagi at 140 Feet in 1984

changed my thinking about 80 meter antennas for DX

80 Meter Horizontally Polarized
Transmitting Antenna Layout

at W3LPL
NE

South
2 Element Quad

140 ft high

2 Element  Quad 

170 ft high

West  

2 Element  Quad

170 ft high
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80 Meter 4-Square Vertical Array
very competitive high performance alternative                  

to a high 80 meter horizontal antenna

A four square vertical array is very competitive with 
high horizontally polarized Yagis and quads

Install at least 70 ft from towers more than 40 ft tall
much more than 70 foot spacing will significantly improve  
its performance

Use at least 60 shallow buried 65 foot radials under 
each vertical

A 4-square is also an excellent receiving antenna

Comtek 4-Square Controller

dxengineering.com/search/brand/comtek
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High Performance 40M Antennas

Horizontal dipole at least 70 feet high
13 to 45 degree elevation pattern at -3 dB points
otherwise use a vertical or a four-square vertical array with 30 to 60 radials

10 to 30 degree elevation pattern at -3 dB points
significant improvement over a simple horizontal dipole for DX
a Cushcraft XM-240 at 100 feet high is very cost effective
a 2 element Moxon is an excellent broad bandwidth low VSWR alternative

Highest gain: full size 3 or 4 element monoband Yagis
single Yagi at least 140 feet high
two stacked Yagis on a 200 foot tower and a Stackmatch

selectable 6 to 30 degree elevation beam patterns at -3 dB points
this antenna is often too high for Caribbean and northern South America

Elevation angles from 5º to 25º are needed
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Elevation angles from 5º to 25º are needed
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The First Known 40 Meter Rotatable Yagi

2 Element Full Size Yagi at 60 Feet

Constructed by W9LM in 1950

Shortly after testing his new 40 meter Yagi,
W9LM removed his 40 meter phased verticals

Cushcraft XM-240

2 Element 40 Meter Yagi

dxengineering.com/parts/csh-xm240
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40 Meter Moxon
VSWR less than 1.4:1 from 7.0 to 7.3 MHz

22 foot boom and 48 foot elements
with no loading coils

Two stacked Moxons on a 140 foot tower are very competitive         
with a much more expensive full size 3 or 4 element Yagi

www.k3lr.com/engineering/moxon

W0MLY W1FZ K2DGT K2GL K2LWR WA2SFP(W2PV) W8FGX W8VSK W9EWC

Telrex (near) Full Size 3 Element Yagi 
Revolutionized 40 meter Dxing in 1955
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3 Element 40 Meter Yagi in 1959

Contesters and DXers built many 3 element 40M Yagis
W3GRF W3KRQ W3MSK (W3AU) W4BVV W8JIN 

Stacked 40 Meter 4 Element

OWA Yagis at K9CT

k9ct.us/contest-antennas/40-m
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40 Meter 4-Square Vertical Array 

A 4-square vertical array is good alternative to a Yagi

Install at least 60 shallow buried 35 foot radials under each 
vertical

Install at least 40 feet from all towers
more than 40 foot spacing will significantly improve its performance

A 4-square is also an excellent receiving antenna

High Performance 20M Antennas
A horizontal Yagi or quad is always the best choice

if you can install your antenna at least 35 feet high
13 to 45 degree elevation beam pattern at -3 dB points

Moderate gain: small tri-band Yagi, hex-beam, Moxon or quad
a small Yagi at least 50 to 70 feet high will produce good DX results

10 to 30 degree elevation beam pattern at -3 dB points

High gain: full size tri-band Yagi, small monoband Yagi or quad
at least 70 to 100 feet high

7 to 20 degree elevation beam pattern at -3 dB points

Highest gain: stacked large 20 meter monoband Yagis
100 to 140 foot tower with two stacked Yagis and a Stackmatch
170 to 200 foot tower with three stacked Yagis and a Stackmatch

selectable 3 to 25 degree elevation beam patterns at -3 dB points

Stackmatch

Elevation angles from <5º to 20º are needed
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decibels
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Elevation angles from <5º to 15º are needed

Telrex 20, 15 and 10 meter 

stacked Yagis revolutionized 

competitive HF antennas in 1955
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Array Solutions Stack Match

www.arraysolutions.com/Products/stackmatch.htm

The Stackmatch revolutionized the performance    

and flexibility of stacked Yagi antennas 

High Performance 15M Antennas

A horizontal Yagi or quad is always the best choice
if you can install your antenna at least 25 feet high

13 to 45 degree elevation beam pattern at -3 dB points

Moderate gain: small tri-bander Yagi, hex-beam, Moxon or quad
a small Yagi at least 50 to 70 feet high will produce good DX results

7 to 20 degree elevation beam pattern at -3 dB points

High gain: full size tri-band Yagi, small monoband Yagi or quad
at least 70 to 100 feet high

5 to 15 degree elevation beam pattern at -3 dB points

Highest gain: stacked large 15 meter monoband Yagis
at least a 90 foot tower with two stacked Yagis and a Stackmatch
at least a 120 to 140 foot tower with three stacked Yagis and a Stackmatch

selectable 5 to 25 degree elevation beam patterns at -3 dB points

Stackmatch

Elevation angles from <5º to 15º are needed
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Elevation angles from <5º to 15º are needed

High Performance 10M Antennas
A horizontal Yagi or quad is always the best choice

if you can install your antenna at 20 feet high or higher
13 to 45 degree elevation beam pattern at -3 dB points

Moderate gain: small tri-bander Yagi, hex-beam, Moxon or quad
a small Yagi at least 35 to 50 feet high will produce good DX results

7 to 20 degree elevation beam pattern at -3 dB points

High gain: full size tri-band Yagi, small monoband Yagi or quad
at least 50 to 70 feet high

5 to 15 degree elevation beam pattern at -3 dB points

Highest gain: stacked large 10 meter monoband Yagis
at least a 70 foot tower with two stacked Yagis and a Stackmatch
at least a 90 to 100 foot tower with three stacked Yagis and a Stackmatch

selectable 4 to 20 degree elevation beam patterns at -3 dB points

Stackmatch

Elevation angles from <5º to 10º are needed
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decibels
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Elevation angles from <5º to 10º are needed

Competitive One Tower   

Antenna Systems

50 to 70 foot tower and a small rotator (e.g., HyGain Ham-IV) 
small tri-band Yagi, Hex-beam or quad
40 and 80 meter dipoles and 160 meter inverted-L

70 to 90 foot tower and a medium rotator (e.g. HyGain T2X)
Cushcraft XM-240 two element 40 meter Yagi 
large tri-band Yagi such as the DX Engineering Skyhawk
80 meter dipole and 160 meter inverted-L

100 to 140+ foot tower and a large rotator (e.g., M2 Orion)
Cushcraft XM-240 two element 40 meter Yagi 
monoband Yagis such as the Hy-Gain LJ series on ring rotators
80 meter dipole and 160 meter inverted-L
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Multi-Tower Antenna Systems
Designing a multi-tower station with acceptable

degradation from multiple antennas and close spaced 

towers is an antenna modelling challenge

Placement of Yagis and the relative location of the towers           
to minimize degradation is critical to achieving high performance 

in most cases multiple Triband Yagis and multiple Yagis
for the same band should be installed on only one tower
placing Yagis covering the same band on multiple towers requires 
detailed antenna modelling

An excellent design for two towers with minimal degradation:
tower one: 40 meter Yagi and 10 meter stacked Yagis
tower two: 20 and 15 meter stacked Yagis

An excellent design for three towers with minimal degradation:
tower one:    40 meter Yagi and 10 meter stacked Yagis
tower two:    20 meter stacked Yagis
tower three: 15 meter stacked Yagis

ncjweb.com/bonus-content/Ant_Interact_Part_6.pdf

20 Meter 6 Element Stacked Yagi Array 
Pointing Through an Identical Array

17.8 dBi gain
55º 3 dB beam width
27 dB front/rear

14.3 dBi gain
100º beam width
16 dB front/rear

16.5 dBi gain
60º beam width
21 dB front/rear

15.7 dBi gain
80º beam width
19 dB front/rear

125 foot

tower spacing

250 foot

tower spacing

500 foot

tower spacing

Single

tower
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antenna system design issues
Yagi director installed too close to the tower face

spacing less than one tower diameter shortens effective director length

80 meter dipole installed too close to a 40 meter or 15 meter Yagi
A bad choice of coaxial cable length makes an 80 meter dipole operate
like two 40 meter dipoles tightly coupled to the 40 or 15 meter Yagi

10 and 15 meter Yagis installed too close to each other
use 10 foot minimum spacing unless you model their interactions first

15 meter Yagi pointed through -- or mounted too close to  --
a full size 40 meter Yagi
Conductive guy wires degrading Yagi antenna performance
160 and 80 meter vertical antenna performance degradation          
caused by installing them too close to towers
Multiple triband Yagis or multiple Yagis for the same band 
installed on two or more towers without detailed modelling

common coaxial cable issues

Improperly installed connectors

PL-259 connectors not gently wrench tightened ¼ turn

Obsolete N connectors with floating pins
use only captive pin connectors

Connectors not adequately protected from water and moisture
connectors on towers should be mounted horizontally not vertically 

Coax not securely fastened to the tower

Coax not electrically bonded to the top and bottom of the tower

Inadequate waterproofing of the coax connection to the antenna

Coaxial cable shield exposed to rain at the antenna connection

Undetected rodent damage to coaxial cable jackets and worse
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Amphenol 83-1SP  

PL-259 Connector

Silver Plated 
Center Pin

Silver Plated 
Body

Shell is labeled exactly:
Amphenol 83-1SP

newark.com/amphenol-rf/83-1sp/rf-coaxial-uhf-plug-straight-50ohm/dp/59K0534

This is not a good place to save a few dollars

Cover your connectors with two 50% overlapped layers of
Scotch 130C self-vulcanizing linerless rubber splicing tape

- stretched to 50% of its original width
- sticky side facing out

homedepot.com/p/3M-Scotch-3-4-in-x-30-ft-Linerless-Rubber-Splicing-Tape-41717-BX-10/205523418

Cover the Scotch 130C tape with two 50% overlapped layers of
Scotch Super 33+ vinyl electrical tape

homedepot.com/p/Scotch-Super-33-3-4-in-x-66-ft-x-0-007-in-Vinyl-Electrical-Tape-Black-6132-BA-10/304653556

Waterproof your Connectors!
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Antenna Feedpoint
Waterproof and Shakeproof Connections

Stainless steel
external tooth 
lockwashers

Scotch 130C 
and Scotch 33 
waterproofing

Heavy electrical solder lugs

Stainless steel
nylon insert 

locknuts

Stainless steel screws

Firmly fasten your 
coax to the boom to 

prevent vibration

Performance Evaluation,

Inspections, and

Preventive Maintenance

Maintaining competitive antenna performance
antenna performance evaluations

tower, foundation and guy wire inspections

guy wire, guy hardware and ground anchor inspections

rotator inspections

coaxial cable inspections and performance measurements

a time domain reflectometer is an excellent investment

coaxial connector inspections  

PL-259 and SO-239 center pin engagement pressure

Tighten all PL-
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CTU Presents

Year Long Contests-
State QSO Party Challenge & 

CQ DX Marathon

Anthony Luscre, K8ZT

Email- k8zt73@gmail.com
Website- www.k8zt.com

Contact Information

2
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Many slides & links so you’re probably 
going to want to review extended  
version of Today’s Presentation

View complete  slide show and access links at

tiny.cc/ctu-ylc
If you need a PDF- link

State QSO Party 
Challenge
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What is a State QSO Party?

A State QSO Party is a radio contest 
sponsored by states, provinces or regions

In-state stations: activate Counties which are used 
as their exchange and score multipliers
Out-of-state stations: give their state as exchange
Some states add additional element(s) to exchange 
including operator’s name or a serial number

What is the State QSO Party Challenge?

State QSO Party Challenge is…
A means of recognizing Amateur Radio 
operators for their active participation in 
State QSO Party (SQP) contests
Not a single contest, instead a challenge 
“Overlay” of existing SQP contests
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How Does SQP Challenge Work?

Participants work any or all of 447 State, Province 
& Regional QSO Parties, according to each 
individual party’s rules.
Participants enter their results for each contest 
via the 3830 claimed scores website
SQP Challenge automatically aggregates results 
for each participant’s SQP entries

How Does SQP Challenge Work?
Participants SQP score is based on # 
of QSOs worked times # of parties 
worked (minimum of 2 QSO for 
worked party) 
Participants can qualify for one of 
five award levels and Worked All 
State QSO Parties (WAQP) award
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How Does SQP Challenge Work?

SQP Challenge Scores are 
displayed on the                
SQP Challenge Leaderboard
in descending order based on 
total score and total number 
of parties worked

How Does SQP Challenge Work?

SQP Challenge Scores are 
displayed on the              
SQP Challenge Leaderboard
in descending order based on 
total score and total number 
of parties worked
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How Does SQP Challenge Work?

Worked All 
State QSO 
Parties (WAQP) 
award

How Does SQP Challenge Work?

Worked All State QSO Parties (WAQP) award
"Ultimate"- 100% participation 
"Elite"- 90% thru 99% participation 
"Expert"- 75% thru 89% participation
"Aficionado"- 50% thru 74% participation in 
SQP Challenge state QSO party contests.
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2022 SQP Challenge Final Results

Write-up of 2022 State          
QSO Party Challenge 
Final Results- link

2023 SQPs
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Newest QSO Party Addition (2022)!

Why Participate in State QSO Parties?
Awards

Great for completing (WAS)Worked All States
Chance to work rarer US Counties

USA-Counties Award (USA-CA) Program-
link
County Challenge Award Top Lists- link

Many parties are small enough that new 
contesters have a chance to win a category
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Why Participate in State QSO Parties?

Being a desired multiplier
Chance to be in demand (like rare DX stations) 
when you are operating in your state’s party, 
especially if in or travel to a rare county
Great activity for in-state local                   
radio clubs to encourage                            on-
air activity by members

Why Participate in State QSO Parties?
Great for Rover/Mobile & Portable Ops

Rovers/Mobiles & Portable operators can         
activate one or more counties during contest
Many have separate awards for these categories
Good for those with home antenna restrictions

* Cartoon- N2EST
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Rover in State QSO Parties
K8MR’s 
presentation on 
operating mobile 
in contests

Why Participate in State QSO Parties?

Friendly
Atmosphere of friendly laid back competition
Chance to connect with old friends around state
Make for great club competitions both                  
between club members and                                  
between local clubs
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Why Participate in State QSO Parties?

Great Activity for New Contesters
More laid back atmosphere than many high 
pressure major contests
Both SSB & CW options to work (some have been 
adding Digital option)
Shorter duration contests 
Many opportunities                                           
throughout  year

Why Participate in State QSO Parties?
Unique

Each party can have different rules & activities
Some have bonus stations
Some have fun, state related prizes               
(i.e. Maple Syrup from VT,                                     
Smoke Salmon from WA, etc.)
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Getting Started

1. Read State QSO Party             
Challenge Rules

2. Read State QSO Party FAQ
3. Find included QSO Parties, Dates, Times & 

Rules WA7BNM Contest Calendar

Getting Started

4. Get Ready for the QSO Party
Plan your operation

Out of State Entry
In State Entry Choices…

Fixed, Home Station
Fixed, Portable Location (Single County)
Mobile/Rover (Multi County)
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Getting Started

5. Get Ready for the QSO Party
Know your Exchange
Install & Configure Contesting Software*

N1MM
N3FJP

* For other Logging software and software for Mac & Linux visit link

Getting Started

6. Operate
Finding Stations

Many Parties publish Suggested Frequencies                       
Stations typically identify that they are participating in 
the contest with their CQ, i.e. “CQ Ohio QSO Party Kilo 
Eight Zulu Tango” 
Most Parties Allow All Stations to Use Spotting                    
Networks (Clusters)
Some Parties even have their own spotting networks
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Getting Started

7. Tips for Newer Contesters
Make sure to read & understand contest rules
Know your Exchange!!!!
Contest QSOs should be kept “streamlined” 

Send only what is required in exchange
Avoid excessive information
Repeat only requested information

Not all Contesters will be on suggested                             
frequencies, tune above and below

Getting Started

7. Tips for Newer Contesters
If a rover, give your new county in your CQ periodically 
so stations know it is OK to work you again
Keep track of stations you have already worked, the 
only time you can work again is on a new band or if 
either of you moves to a new county
Many Rovers/Mobiles tend to operate on or near the 
same frequencies as they change counties & bands
i.e. station W1ABC operating on 3538, 7038 and 14038 plus or minus,                   
based on QRM/activity on the frequency they have staked out.
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Submitting Your Results

8. After Contest- 2 steps
A. Submit Log to Sponsor
B. Post Your Score to 3830scores.com

Post to specific QSO Party
No Special Entry for SQP Challenge needed
Information automatically added to your 
SQP Challenge score from 3830

Submitting Your Results

For more info on 3830 visit tiny.cc/3830
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Submitting Your Results

9. View Your Aggregated SQP Challenge 
Running Score

3830scores.com SQP Challenge Page
SQP Challenge Leaderboard

10.Increase your Aggregated SQP Challenge 
Running Score by entering more SQPs!

QQSP Contesting Resources
Mult Chaser is a free add-on program for N1MM 
Logger+ that displays contest multipliers on a map 
as they are worked
US Census- State Outline Maps with county 
borders
NO5W County Overlay Maps
Mob-Rule Interactive Online                                         
County Maps
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DX 
Marathon

Year-end & New Year’s Traditions

Many of us have both Year-end & New Year’s 
traditions. One of my Amateur Radio year-end 
activities is eentering CQ Magazine's Annual 
DX Marathon and pplanning the next year’s 
strategy.
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Year-end & New Year’s Traditions

The marathon is a different type of contest that 
runs all year, not just a single day or weekend
Competitors strive all year to work 

As many CQ Countries (similar to the ARRL 
DXCC Entities list with a few additions) &
40 CQ Zones

Year-end & New Year’s Traditions

It is like starting your DXCC chase anew 
each year, so you can                                  
consider it one of your                                 
New Year’s Resolutions!
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Six Reasons to Take Part in Marathon

1. If you are a ham new to HF
it is a great way to
a. Get your initial ARRL DXCC

(100 Countries worked)
b. Get CQ DX Award
c. Get CQ WAZ Award

(Worked All Zones)

Six Reasons to Take Part in Marathon

2. If you are a contester, it is a great 
compliment to your contesting activities

3. If you are a DXer, it is a natural fit!
4. If you are a long time DXer, with almost all 

entities worked, it is a chance to restart the 
chase again each year with plenty of fresh 
targets & work new band/mode combos
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Six Reasons to Take Part in Marathon

5. If you are a member of a DXing or 
Contesting Club (or any ARC) it is a great 
intra-club competition activity each year
a. You can also add your own specific band or mode 

categories, levels, etc. competitions
b. Consider monthly running totals                                   

“scoreboard”
c. You might want to have an inter-

club competition with another area club

Six Reasons to Take Part in Marathon

6. For any ham, it is a 
great way to get on the 
air, make more 
contacts                            
& have fun!
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CQ DX Marathon

dxmarathon.com

CQ DX Marathon

The CQ DX Marathon is designed to promote 
DXing activity throughout the year rather 
than only on contest weekends and during 
DXpeditions.
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CQ DX Marathon

Because activity is not concentrated in specific 
time periods, credit is given for contacts on all 
ham bands (160 to 6 Meters)                               

Including those not normally                                       
used for contesting                                                     
(e.g., 60, 30, 17 & 12 meters)

CQ DX Marathon

Scoring is simple: you score one point the 
first time you work a new Country and/or a 
new CQ Zone during the year
Add the points up at the end of the year for 
your total score. There are no multipliers
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CQ DX Marathon

Categories:  
11. Formula-

maximum output power of 5 watts or 
100 watts output to a simple antenna*

22. Limited- 100 watts to most antennas
33. Unlimited- Any antennas may be used, along 

with any power level for which the operator is 
licensed. 

* such as a vertical or dipole

CQ DX Marathon

Frequencies:  Any authorized amateur 
frequency may be used

Contacts through repeaters or satellites are not 
allowed for credit
Nor are contacts with maritime or aeronautical mobile 
stations allowed  
All contacts must be made entirely over amateur radio 
frequencies – i.e., Echolink-type contacts do not count
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CQ DX Marathon

Modes:  Any authorized amateur mode may be 
used, but only three mode categories will be 
recognized in the DX Marathon –

CW, Phone & Digital

CQ DX Marathon

Contest Period Runs from 
00:00 UTC, January 01 to
23:59 UTC, December 31
each year

Entry Deadline is Jan 05
each year
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CQ DX Marathon

General Rules:  
Each entrant in the DX Marathon may                  
submit only one log per operating location. 
If an entrant operates from both a primary station and a 
remote station, separate entries for each location may 
be submitted provided such separate entries have 
different callsigns or a portable callsign designator.  
Entries that include contacts made with the assistance 
of remote receivers and/or transmitters in addition to 
contacts from a primary station are not permitted.  

CQ DX Marathon

Verification: 
QSLs are not required.  
The operator is expected to claim contacts only…

from stations the operator has every reason to 
believe are legitimate
contacts in which an accurate two-way exchange 
was clearly accomplished
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CQ DX Marathon

Verification: 
Scores will be adjusted by the DX Marathon 
committee for claimed contacts with pirates or any 
station not considered legitimate
Submissions may be penalized or voided in cases of 
fraud or poor sportsmanship. 
Every QSO may be subject to verification by the DX 
Marathon Manager

What Entities Are Different from DXCC

CQ Marathon uses ARRL DXCC with 6 additions:
1. African Italy (Lampedusa [IG9] or Pantelleria [IH9] (CQZ 33) 

Plus Five Countries from WAE (Worked All Europe List)-
1. GM/Shetland
2. IT/Sicily
3. TA1/European Turkey (vs Asian Turkey)
4. 4U1VIC (Vienna United Nations Organisations)
5. JW/Bear Island (in addition to JW Svalbard)
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What Entities Are Different from DXCC

African Italy (Lampedusa [IG9] or Pantelleria [IH9] 
in  CQ Zone 33 off the coast of N. Africa)
IT/Sicily

What Entities Are Different from DXCC
• GM/Shetland Stations known to have operated from the Shetland Islands (GM/S) at 

some time over the last few years.
Not all are currently active or have exclusively operated in Shetlands.

2M0SPX GM0EKM GS0AAA MM0ZRC

2M0VIK/MM0VIK GM0GFL GS3BSQ MM1FEO

GB0DAW GM0JDB GS3ZET MM5PSL

GB1COR GM3ZET GS7V MM6IIP

GB2AES GM4JPI GZ1DVP MM6PTE

GB2ELH GM4LER GZ5Y MM7CGR

GB2QM GM4S MA0XAU

GB2SAA GM4SLV MM0SHF/P MS0OXE

GB2SLH GM4WSB/P MM0VIK MZ5A

GB2SUM MM0XAU MZ5B

GB2WAM GM4SSA - Silent Key



198

What Entities Are Different from DXCC
TA1/European Turkey (vs Asian Turkey). 
Only TA1 Callsigns are in European Turkey

What Entities Are Different from DXCC

44U1VIC (The Vienna International Centre is the 
home of several United Nations Organisations)

May also include other UN sponsored callsigns 
operated from V.I.C. including 4U1A, etc. (see 
Valid Callsigns & Callsign Notes)
Not same as 4U1UN in NY which a separate entity
4U1WB (World Bank) does not have separate 
country status so is not eligible for separate 
credit (US)
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IImproving Your Score
If they are serious about a high score, most 
competitors start at the beginning of the year. 
In fact, many serious operators devise plans to 
work specific countries by following DXpedition 
news, working specific contests, etc.

IImproving Your Score

Get on the Air early and often during the Year
Don’t miss the big DX Contests

CQ WW- SSB, CW & RTTY (Oct, Nov & Sept)

CQ WPX- SSB, CW & RTTY (Mar, May, Feb)

ARRL International DX- CW & SSB
ARRL RTTY Roundup
WW Digi - FT8/FT4
WAE (Worked All Europe) (CW, SSB & RTTY)
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IImproving Your Score

Noted DXing author                              
Bob Locher, W9KNI 
(author of "The Complete 
DX'er")       wrote a book 
about his CQ    .     
Marathon experience,
.     “A Year of DX”

IImproving Your Score-- Resources

NG3K Announced DX Operations (ADXO)-
www.ng3k.com/Misc/adxo.html
DX World.net-
www.dx-world.net
DX 425 News-
www.425dxn.org
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IImproving Your Score-- Resources

QRZ Now.com DX News-
http://qrznow.com/category/dxing
The fine recurring articles in  “DX This Week” by 
Bill, AJ8B in the Ohio Section Journal
A wide variety of DX Clusters & RBN (Reverse 
Beacon Network)

IImproving Your Score-- Resources

Weekly ARRL DX Bulletin
Sign Into ARRL Website
Choose “Edit your Profile”
Edit your email 
Subscriptions. 
See article- “ARRL 
Publications, Website & 
Communications”-
tiny.cc/arrl-info
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SSubmitting an Entry

If you keep your Amateur Radio Log in an 
electronic logbook entering the DX Marathon can 
be very easy using AD1C's free-
ADIF to DX Marathon software
The free software will take almost any ADIF export 
file of your current years QSOs and convert it to the 
Excel spreadsheet format used in the Marathon

SSubmitting an Entry

Conversion program for MS 
Windows reads exported 
ADIF log file
Extracts all of unique 
entities & zones worked
Writes the corresponding 
QSO data to the official 
Excel Scoresheet
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SSubmitting an Entry

There is a new web 
based convertor software 
in development by 
Sebastian Delmont, KI2D

Currently being alpha 
tested
https:// marathon. 
ham2k.net

SSubmitting an Entry

The final step, in any case, is submitting an Excel 
file to the CQ Marathon

You can use the above tools if you have an 
electronic logbook 
If you are still paper-logging all of your 
contacts,you can download the Excel 
spreadsheet entry form and fill in the entries 
manually
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EEntry

Excel 
spreadsheet 
entry form

SSubmitting an Entry

Before submitting Excel File, Double Check…
Each year there are pirates, operations that are not 
approved, callsigns that are copied incorrectly and 
unusual operations that are valid. 
CQ Marathon committee attempt to document as 
many of these operations as possible and post them 
to website & mailing list (dxmarathon@groups.io)
They encourage you to share your findings on 
pirates, illegal operations or confusing callsigns with 
them
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SSubmitting an Entry

Double Check-
Many points are lost each year due to bad spots on the 
cluster & RBN networks.  See extensive list of bad 
spots- please check the list (on website) before 
entering any of these callsigns!
Please check USA/VE zones carefully especially Zone 2. 
The number in the callsign does not necessarily match 
the location
Antarctica Callsigns have many zones, be careful

SSubmitting an Entry

Double Check-
When a prefix can count for more than country (e.g. 
E51) double check your entry
Although you can use the same QSO for both a Country 
& a Zone, if there is an error, two points will be lost!
We suggest using a different QSO for country & zone
Review your submission carefully and make sure your 
logging program country database is up to date
See FAQ for more information 
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RResults

Results are publish in            
CQ Magazine & On Website
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View this slideshow & access all 
resources links at 

tiny.cc/ctu-ylc
If you need a PDF copy- link

QQuestions / Comments ?

AAddendum

Marathon How Tos
Exporting ADIF from Logging Software
AD1C's free- ADIF to DX Marathon software
Experimental software from Sebastian, KI2D- https:// 
marathon. ham2k.net
Exporting to Entry Spreadsheet Form
Manual completing Entry Spreadsheet Form
Checking your entry
Submitting your entry



208

EExporting ADIF from Logging Software

Exporting ADIF from Logging Programs-
Ham Radio Deluxe
DX4Win
DXLab DXKeeper
Log4OM (start at page 61)
Logger32
LOGic 9 or 10 by PDA
N3FJP AC Log

Addendum

AD1C ADIF to DX 
Marathon Tool
Web Page
If you are submitting 
single band or mode 
entry make sure 
appropriate drop-
downs are selected
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AAddendum

Experimental 
software from 
Sebastian, KI2D

AAddendum

Checking your entry
Check all of your personal information (name e-
mail, address, etc.)
Check category entered
Check antenna description
Check each DX Entity entry & Zone
Use KI2D’s experimental program to create a list to 
compare final entry with
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AAddendum

Check each DX Entity entry & Zone
Make sure it is not a SWL call
Use the web page Helpful Hints to check for Bad Spots, 
Callsign Notes, Invalid Callsigns, etc.
Look up call in QRZ to confirm
When possible use different calls for your zone entries vs. 
DX entities in case one is invalid you will not lose two 
points
If you are submitting single band or mode entry make 
sure all listed QSOs match that criteria

AAddendum

Submitting Entry
Make sure it before deadline (Jan 5 23:59 UTC)
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CTU 2023 Presents

How to Maximize Your Digital 
Contest Station and Operation

Ed Muns, W0YK & P49X

Maximizing Digital Contesting

RTTY Contesting
TX bandwidth
RX bandwidth
UOS and hyphen
Multiple decoders
SO2V
SO2R

FT4/8 Contesting
CQ vs. S&P mode
FT8/4 & even/odd
Working non-contesters
Superfluous 2nd QSL

2/46
18 May 2023
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RTTY Receive Bandwidth
radio IF filtering

Narrow IF filters
500 Hz - normal
250 Hz - extreme QRM
Tone filters 

Icom Twin Peak Filter
K3 Dual-Tone Filter

500 Hz250 Hz

3/46
18 May 2023

RTTY Transmit Bandwidth
unnecessary QRM

Wasted power outside receiving decoder BW
Suitably narrow TX BW effectively amplifies signal

Unnecessary QRM
Wide 1.5 KW RTTY can QRM 5-10 channels
Similar to CW key click problem of the past

Why hurt yourself AND QRM close-by stations?

4/46
18 May 2023
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RTTY Transmit Bandwidth 

AFSK

MMTTY
unfiltered

MMTTY
48-tap

MMTTY
512-tap

2Tone
AFSK

5/46
18 May 2023

Tx BPF Setting
MMTTY

default 48

select 512

6/46
18 May 2023
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RTTY Transmit Bandwidth 

AFSK – 2Tone DOOK

MMTTY
unfiltered

MMTTY
48-tap

MMTTY
512-tap

2Tone
DOOK

7/46
18 May 2023

RTTY Transmit Bandwidth 

AFSK - PA IMD effect

MMTTY
512 Tap
1 mW

MMTTY
512 Tap
100 W

MMTTY
unfiltered
K3 filter
100 W

8/46
18 May 2023
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RTTY Transmit Bandwidth
FSK

Old K3 FSK bandwidth
No waveshaping
< DSP281 firmware
Typical of all radios
50 watts

New K3 FSK bandwidth
Optimal DSP filter
DSP281 firmware,
March 2013

Thanks K0SM (http://www.frontiernet.net/~aflowers/k3beta/)

9/46
18 May 2023

UOS
(Unshift-On-Space)

Receive UOS:
Space character forces a shift to the Letters set
Increases noise immunity for alpha text

Transmit UOS:

Contest exchanges are alpha and numeric
Should UOS be on or off?
Should Space or Hyphen delimit exchange elements?

599 1234 1234 or 599-1234-1234

Recommendation:
Turn on both RX & TX UOS and use Space delimiters

10/46
18 May 2023
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UOS
MMTTY

RX

TX

11/46
18 May 2023

Multiple Decoders

Parallel decoding with
Different decoders

Different RX IF bandwidths (dual receivers)

Reduces repeats

Screen space for multiple decoder windows
Can be relatively small

CPU performance

12/46
18 May 2023



217

13/46
18 May 2023

Multiple Decoders
MMTTY

Dominant SC MODEM

Contest loggers:
N1MM Logger+
WriteLog
Win-Test

Introduced June 2000
Mako Mori, JE3HHT

13

14/46
18 May 2023

Multiple Decoders
2Tone

Outperforms MMTTY ?
Uses less CPU cycles
Contest loggers:

N1MM Logger+
WriteLog
Win-Test

Introduced late 2012
David Wicks, G3YYD

14
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15/46
18 May 2023

Multiple Decoders
GRITTY

Best accuracy ?
Bayesian statistics

Contest loggers:
N1MM Logger+ only

Introduced late 2015
Alex Shovkoplyas, 
VE3NEA

15

Multiple Decoders 
MMTTY & DXP38

Parallel decoding
Software, e.g., MMTTY
Hardware, e.g., DXP38

Diverse conditions
Flutter
Multi-path
QRM, QRN
Weak signals
Off-frequency stations

16/46
18 May 2023
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Multiple RTTY Decoders
multiple MMTTY profiles

Parallel decoding
same audio stream
switching takes too long

Multiple profile windows
Standard
Fluttered signals
Fluttered signals (FIR)
Multi-path
hyper sensitive
EU1SA
AA6YQ-FIR-512

weak signals in QRN

17/46
18 May 2023

Multiple Decoders
two IF bandwidths

Narrow IF filtering (main RX)
Hardware modem, i.e. DXP38
MMTTY profiles:

Standard
Fluttered signals
Fluttered signals (FIR)
Multi-path
hyper sensitive
EU1SA

Wide IF filtering (sub RX)
MMTTY profile: 

AA6YQ-FIR-512
Dual Peak Filter

18/46
18 May 2023
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Multiple Decoders
SO2V

VFO-A (main RX)
MMTTY Standard profile
2Tone Flutter profile
2Tone Selective profile
DXP38 

VFO-B (sub RX)
MMTTY Standard profile
2Tone Flutter profile

6 decoders
A B

19/46
18 May 2023

Multiple Decoders
Tone choices for monitoring

Low tones are less fatiguing
Use high tones for secondary audio stream(s)

Low/High tones can be mixed to put two 
audio streams in one ear:

SO2R plus SO2V per radio (4 streams)
SOnR (3+ streams)

20/46
18 May 2023
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SO2V
“1BSIQ”

1. [single rcvr] If Assisted and running on VFO-A, then
A<>B, click spot, tune, ID station, work station
A<>B, resume running

2. [dual rcvr] Set up decoder windows on VFO-A and VFO-B
Radio must have two true receivers
Monitor both frequencies simultaneously with right/left channels of 
sound card and separate RTTY windows

Left-click call from 2nd RTTY window into VFO-B Entry Window
Two ways to transmit on VFO-B:
1. A<>B, work the mult, A<>B (but, mixes print from two frequencies)
2. SPLIT, work the mult, un-SPLIT, resume running

-
WriteLog Shared Com Port obviates the wire-OR

K3/WriteLog invokes SPLIT when VFO-B call is clicked

Toggle as needed

21/46
18 May 2023

SO2R

Think beyond run and S&P:
Dueling CQs; run on two bands simultaneously (2BSIQ)

S&P on two bands simultaneously, esp. w/Packet
SO2V on one or both radios (SO4V!)

[optional] Two networked computers:
Eliminates swapping radio-focus
Display room for more decoder windows per radio

-keyboards
2 x SO2V=SO4V for picking up mults on both run bands
Easily extendible to SOnR

No time to watch TV or read spy novels!

22/46
18 May 2023
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SO2R
M2” configuration

Left-hand

Trackball

Right-sized

Keyboards

Right-hand

Trackball

23/46
18 May 2023

SO2R in the NA Sprint
maximize TX duty cycle

Set VFOs at least 10 kHz apart on both radios
Find a clear spot on one radio and CQ while you 
tune the other radio for a station to work

finishes, find a clear frequency and duel CQ
After a QSO, swap VFOs on that radio, search 
during other transmission, then resume dueling CQ

CQing is OK in Sprint!

24/46
18 May 2023
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SOnR
> 2 radios

Simplify antenna/filter band-decoding:
Dedicate a band/antenna to the 3rd (or 4th) radio

Networked PC/radio simplifies configuration
RTTY (vs. CW or SSB) easier for operator

PC decodes for operator
Low tones & high tones allows two radios per ear

Classic audio headphone mixer (per ear) provides 
radio A, radio B or both

25/46
18 May 2023

SOnR 
Multi-Multi configuration

L R
3

dedicated

to 10 meters

26/46
18 May 2023
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Sailboat Bouy Racing
mark rounding

Yellow falls

behind by 

keeping up 

with Blue

27/46
18 May 2023

Call Sign Stacking
“Slow Down to Win”

Sailboat racing analogy:
Pinwheel effect at mark-rounding slow down

Let pile-
first call sign

Increase chance for another call sign or two
Increase chance for QSO-phase-skip

Apply same tactic for tail-
½-second before sending TU/CQ message

28/46
18 May 2023
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Call Sign Stacking
The 4 Phases of a QSO

Normal Run mode flow:
1.CQ msg

repeat
AGN?

2.pile-up

3.Exchange msg
Send fill(s)

4.receive his Exchange
AGN? or NR? or QTH? or NAME?

1.TU/CQ msg (logs QSO)

Normal S&P mode flow:
1.CQ

2.<mycall> msg
repeat

3.receive his Exchange
AGN? or NR? or QTH? or NAME?

4.Exchange msg
send fill(s)

1.find next CQ

transmit
receive

29/46
18 May 2023

Call Sign Stacking
Pileup

Normal

1. WPX P49X P49X CQ, or
TU P49X CQ

2. K3LR K3LR K5ZD K5ZD
3. K3LR 599 2419 2419

4. TU 599 842 842

Shortened

1. (skip CQ)

2. (skip pileup)
3. K3LR TU NW

K5ZD 599 2420 2420
4. TU 599 1134 1134

transmit
receive

30/46
18 May 2023
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Call Sign Stacking 
Tail-end

Normal

1. WPX P49X P49X CQ, or
TU P49X CQ

2. K3LR K3LR
3. K3LR 599 2419 2419

K5ZD (tail-end)
4. TU 599 842 842

Shortened

1. (skip CQ)

2. (skip pileup)
3. K3LR TU NW

K5ZD 599 2420 2420
4. TU 599 1134 1134

transmit
receive

31/46
18 May 2023

Call Sign Stacking
summary

Efficiently work:
multiple callers in a pile-up, and
tail-enders to a completing QSO

Calls pushed onto the stack as they arrive
Message parameter pops call off of the stack 
into the Entry window
Eliminates 2 of 4 QSO phases, which doubles 
short-term rate

32/46
18 May 2023
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FT8 Multi-Channel Reception

Run vs. S&P is irrelevant

02:35:15

02:34:45

02:34:45

02:36:15

My Tx

His Tx

33/46
18 May 2023

Rotate Odd/Even Cycles

34/46
18 May 2023
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Rotate FT4/FT8 Modes

35/46
18 May 2023

Working Non-Contesters

Depends on contest
Grid Square exchange
QTH, serial number, name, etc.

Transparant
Non-contester skips Tx2, answering with Tx3

Recommendation: Don’t call CQ, only 
answer CQs or messages with Grid 

Square

36/46
18 May 2023
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Gangsters Problem [1]

unreliable communication

1975 computer science thought experiment
Communication over an unreliable link

e.g., TCP

ACKs could theoretically be infinite
Solution

Mitigate to reduce consequence(s)

[1] E. A. Akkoyunlu, K. Ekanadham, and R. V. Huber, 1975
"Some Constraints and Trade-offs in the Design of Network Communications", page 73

37/46
18 May 2023

Two Generals Paradox [1]

[1] Jim Gray, 1978
"Notes on Data Base Operating Systems”, page 465

Boss Gang

Job

Unreliable communication

The Gangsters

38/46
18 May 2023
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Radiosport Solution
CW, SSB & RTTY

Each QSO partner QSLs the exchange once

Context reduces uncertainty

Other station rolls into their next QSO

39/46
18 May 2023

Radiosport Solution
FT4 & FT8

One QSO partner QSLs the QSL

Implied by default WSJT-X logging behavior
Defacto expectation

superfluous QSL of the final QSL
Thus, NIL rate increases

CW, SSB & RTTY = 1-2%
FT = 5-6%

40/46
18 May 2023
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WW Digi QSO

CQ W0YK CM97

W0YK AA5AU EL92       AA5AU calls with exch
AA5AU W0YK R CM97  W0YK QSL with exch
W0YK AA5AU RR73      AA5AU QSL
AA5AU W0YK 73       W0YK QSLs AA5AU’s QSL!

This wastes time because W0YK could
have used the message to CQ or

answer another caller.

41/46
18 May 2023

WW Digi Alternative QSO
context

CQ W0YK CM97

W0YK AA5AU EL92        AA5AU calls with exch
AA5AU W0YK R CM97   W0YK QSL’s with exch
W0YK AA5AU RR73       AA5AU QSL’s
CQ W0YK CM97              W0YK calls CQ,

or
AC0C W0YK R CM97      W0YK rolls into next QSO

AA5AU then knows, by context,
that W0YK received his QSL message

42/46
18 May 2023
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WW Digi Alternative QSO
message repeat

CQ W0YK CM97

W0YK AA5AU EL92        AA5AU calls with exch
AA5AU W0YK R CM97   W0YK QSL’s with exch
W0YK AA5AU RR73       AA5AU QSL’s
AA5AU W0YK R CM97   W0YK missed QSL msg
W0YK AA5AU RR73       AA5AU repeats QSL

43/46
18 May 2023

Minimizing NILs
Recommendation #1

Develop skill to dynamically change message
e.g., use the Alternate F1-F6 keys in WSJT-X

Always log the QSO when receiving a RRR, 
RR73 or 73 message.
Always log the QSO when sending RRR, 
RR73 or 73 message.

Look for a clue that your message was not 
received, e.g., your QSO partner re-sends his 
report.

44/46
18 May 2023
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Minimizing NILs
Recommendation #2

Give in!
Send the superfluous 73, but

FT contesting is currently slow enough to absorb it

45/46
18 May 2023

46/46
18 May 2023
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 25)
Multi-Operator
(per two youths max. one operator years)
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How the Strongest

Solar Maximum in 20 Years 

Affects Contest Planning

and Execution

Competitive success often depends more         
on how you prepare for a contest than

it does on what you do during a contest

Frank Donovan
W3LPL

Solar Cycle 25 Solar Flux Index Forecast
NASA Marshall Space Flight Center

2 Mar 2023

www.nasa.gov/msfcsolar
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CW DX Contest QSOs Per Band

as Solar Cycle 25 Nears Solar MaximumCycle 25 Nears Solar Maxim
Column1

20

40

160

15

8010

10 and 15 meters are much more important near solar maximum
40 and 20 continue to be very important near solar maximum
160 and 80 are somewhat less important near solar maximum

How Solar Maximum
Affects Propagation

for the Next Five Years 
Solar maximum propagation conditions began in January 2023

Solar maximum is likely to occur next year
10 and 15 meter worldwide DX will persist later into the night           
for the next two years

Disturbed geomagnetic conditions will be much more frequent
starting next year 

Excellent 10 meter worldwide propagation will continue
until at least late 2026

The slow decline to solar minimum will begin
in about 2028
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How Solar Maximum Affects
10 Meter Propagation

for the Next Five Years 
Worldwide propagation improved dramatically since 
January 2023

almost every day from October through April
huge run rates to Europe from sunrise to early afternoon
excellent propagation to Japan and Asia after 2130Z           
for three or four hours

Propagation between northern hemisphere locations      
continue to be infrequent during most days                          
from May to mid-September

Sporadic-E is the dominant May to August propagation

Excellent propagation should continue through                 
at least late 2026

How Solar Maximum Affects
15 Meter Propagation

for the Next Five Years 

Worldwide propagation improved dramatically since 2022
almost every day from September through May
huge run rates to Europe from sunrise to mid-afternoon
excellent propagation to Japan and Asia after 2130Z for four 
hours or more

Propagation between northern hemisphere locations      
begins later and is shorter in duration from June to August

Sporadic-E is sometimes the dominant propagation mode 
from June to August
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How Solar Maximum Affects
20 Meter Propagation

for the Next Five Years 

Nighttime propagation improved dramatically since 
January 2023

now almost 24 hour per day worldwide propagation
but not during summer mid-day hours

excellent nighttime run rates to Europe from 0700-0900Z
excellent run rates resume about an hour before sunrise
much of the DX activity switches to the higher bands after 
1200Z

Propagation to Japan and Asia is often stronger  
through the night until a few hours after sunrise
Summer mid-day DX propagation is much weaker from 
June to August

How Solar Maximum Affects
40 Meter Propagation

for the Next Five Years 

Nighttime propagation has become more reliable and   
more long lasting since 2022

good run rates to Europe start about an hour before sunset
continuing throughout the night until a few hours after 
European sunrise when Europeans QSY to higher bands
the best European propagation and activity is often around 
European sunrise

Mid-afternoon propagation to Europe is weaker since 2022
much of the DX activity is still on the higher bands

Propagation from the east coast to Japan and Asia           
is more reliable since 2022
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How Solar Maximum Affects
80 Meter Propagation

for the Next Five Years 

Propagation has become less reliable since 2022
weak unreliable DX propagation begins at sunset
good run rates to Europe start several hours after sunset
The best European activity is often just before their sunrise
continuing until about an hour or less after European sunrise 
when Europeans QSY to higher bands

How Solar Maximum Affects
160 Meter Propagation
for the Next Five Years 

Propagation has become very unreliable since 2022
weak unreliable DX propagation begins after sunset
propagation to Europe often improves around midnight       
for a few hours
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Necessary First Steps in Identifying
Candidate Station Improvements

Identify realistic time phased personal contest goals for 
selected contests, entry categories and competition region

first place regional, national or world winner, or
consistently placing in the top three, or 
consistently placing in the top ten, or
successfully competing with selected peers

Identify the realistic constraints that limit your station 
improvements

desired time frame for achieving your contest goals
amount of available time to implement station improvements
available physical space for more antennas and station equipment
annual funds available to support your improvements

Achieve a balance between your goals and constraints

Well Before the Contest Evaluate Your 

Compared to Your Peer Competitors

transmitting and receiving antennas, feedlines and antenna switching
transceiver performance -- focusing on receiver performance
amplifier output power and reliability
audio and CW keying quality
computers, software and their internal and external networks
all aspects of your station environment that limit operator performance
external and inter-station RFI 
all aspects of station reliability

reliability relative to your peer competitors
in every category above
then prioritize your total list of improvement opportunities
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During and After Every Contest
Prepare Notes Documenting Your

Compared to Your Peer Competitors

strongly competitive compared to your peer competitors

not competitive compared to your peer competitors
Identify improvements that your peer competitors 
Identify every opportunity for station improvement that could 
have improved your score in this contest, in priority order by:

estimated score improvement resulting from each improvement
degree of difficulty in achieving each improvement
practicality of achieving each improvement
impediments to achieving each improvement
expense to achieve each improvement

Tower Inspections and Maintenance

Will Help You Avoid Mid-Winter Failures

and Reliability Problems

During Your Next Contest
Measure all guy wire tensions (7 to 15% of breaking strength)
Inspect guy wires, guy hardware and guy anchors for damage
Inspect tower plumb and twist 
Inspect the tower base for standing water and

corrosion, settling and cracks at the tower-to-concrete interface
regularly remove all debris from tower bases to avoid corrosion

Inspect rotator performance and play
Inspect the tower for wind damage
Pay special attention to damaged, loose, missing or corroded:

diagonal and horizontal trusses, welds and hardware
especially adjacent to guy attachments

Annual inspections are essential to tower safety             
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Antenna Inspections and Maintenance

Will Help You Avoid Mid-Winter Failures

and Reliability Problems

During Your Next Contest
Inspect coax cable for cuts, cracks, damage and moisture intrusion

cuts, chaffing and worn rotator loops
water intrusion at electrical and physical attachments to antennas

Compare coax cable losses and TDR displays to prior results
Compare antenna VSWRs to prior measurements
Inspect connector water proofing and PL-259 tightness
Inspect rope wear -- its much easier to replace rope before it fails
Inspect antenna wire for wear and connections to feed lines
Repair or replace unreliable, failing or overloaded rotators
Inspect antennas and coaxial cables for lightning damage
Inspect antennas, feed lines and rotators for wind damage

Annual inspections are essential to tower. antenna, 

rotator and coax cable reliability and performance                 

Improving the Competitive Performance 
and Reliability of Coaxial Cables

for Multi-tower Stations
Coaxial cables longer than 300 feet are often used in            
multi-tower stations

Andrew Heliax is an ideal choice for lengths up to:
10 meters:    600 feet of LDF5-50A or 300 feet of LDF4-50A
15 meters:    700 feet of LDF5-50A or 350 feet of LDF4-50A
20 meters:   900 feet of LDF5-50A or 450 feet of LDF4-50A
40 meters: 1200 feet of LDF5-50A or 600 feet of LDF4-50A

Be cautious of the windload and weight (including ice load) 
of large Heliax cables mounted on light duty towers

Failure to adequately protect connectors from water intrusion 
is a very common cause of coaxial cable deterioration
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Improving the Reliability                      

of Coaxial Cable Connectors

N and UHF connectors are the most common choices
No significant loss in either N and UHF connectors at HF
No significant difference in the VSWR of N and UHF 
connectors at HF
High quality silver plated UHF connectors provide much          
more center pin mating force than N connectors

eliminates cross-station interference and connector failures from 
potentially unreliable N connector center pin mating force 
avoid saving a few dollars on cheap unbranded hamfest connectors

Avoid use of adapters, but if necessary be sure they are 
name-brand silver plated adapters, not nickel plated
Use a wrench to gently tighten UHF connectors 1/4 turn
Inspect SO-239 connectors for center pin mating pressure

Coaxial Cable 
Amphenol 83-1SP PL-259 Connector

Silver Plated 
Center Pin

Silver Plated 
Body

Shell labeled exactly:
Amphenol 83-1SP

newark.com/amphenol-rf/83-1sp/rf-coaxial-uhf-plug-straight-50ohm/dp/59K0534

This is not the place to save money
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Coaxial Cable 

Connector Waterproofing

Cover the connectors with two 50% overlapped layers     
of Scotch 130C linerless rubber splicing tape

stretched to 50% of its original width, sticky side facing out

Cover the Scotch 130C with two 50% overlapped 
layers of Scotch 33+ vinyl electrical tape

Indoor Station Performance

and Reliability Improvements

Transceiver performance (sensitivity, dynamic range, filters)
Amplifier output power and reliability
Digital wattmeters
Physical environment that degrades operator performance

noise, chair, ventilation, desk height, equipment placement, line of sight
Keyers and paddles
Microphones
Computer keyboards
Computer monitors
Computers
Antenna switching
DX spotting network displays and alarms
Propagation map displays from the Reverse Beacon Network
Connectors: gently tool tightened PL-259s, SO-239 mating force
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Execute Your

Proof of Station Performance Checklist

Before Every Competitive Contest

Proves that everything in your station is in working properly
improve and update your checklist regularly 
record all performance measurements

Never enter a competition with unproven station equipment
Prove that all indoor and outdoor equipment is working
far enough in advance so you can make necessary repairs
before the contest

Single Operator (not including SO2R)

Station Improvement Ideas

for the Next 4 Years near Solar Maximum
Antenna improvements are almost always more effective
and less expensive than any other station improvement
and they improve both transmitting and receiving performance

Receiving antennas make a big improvement on 160 and
80 meters

Identify and mitigate internal and external RFI sources well 
before the contest

Many modern transceivers have much improved
receiver dynamic range and filter selectivity

know how to adjust your receiver for optimum dynamic range
every time you sit in front of it 

A wattmeter allows you to monitor transmitter and antenna 
performance during the contest
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Single Tower Station

Antenna Improvement Ideas

for the Next 4 Years Near Solar Maximum

50-60 foot tower and a small rotator (e.g., HyGain Ham-IV) 
small tribander, Hex-beam or quad
40 and 80 meter dipoles and a 160 meter inverted-L

70-80 foot tower and a medium rotator (e.g. HyGain T2X)
Cushcraft XM-240 two element 40 meter Yagi
large tribander such as the SteppIR 4 element Yagi
80 meter dipole and a 160 meter inverted-L

100-140 foot tower and a large rotator (e.g., M2 Orion)
Cushcraft XM-240 two element 40 meter Yagi
monoband Yagis such as the HyGain LJ series on ring rotators
80 meter dipole and a 160 meter inverted-L

SO2R Station Improvement Ideas
in Addition to Single Op Improvements

for the Next 4 Years Near Solar Maximum
Receiving bandpass filters are almost always necessary to protect
transceivers from cross-band interference and physical damage

100 watt bandpass filters may be needed on transceiver outputs
if your transceiver radiates broadband phase noise (many do)

Stubs may be necessary on amplifier outputs if multiple antennas are 
in close proximity

Multiband antennas can cause excessive cross-band interference

Many operators find it more effective to use multiple networked 
computers and keyboards

Identify and resolve all RFI and cross-band interference
intermodulation caused by transmitted signals entering unprotected
consumer electronic devices often re-radiate strong harmonics
mixed with AC power or computer network signals creating strong
broadband noise modulated sidebands on the transmitter harmonic
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CTU Presents

Simple & Effective Low 
Band Antennas for 

Contesting
Joel Harrison, W5ZN

Simple transmit antenna solutions to 

improve your signal

Shunt feeding your tower

Understanding radials for transmit antennas

Objectives

Transmit Antennas
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What you should expect from a receive 

antenna based on station location

Understand why we use receive antennas

Understand the difference between receive 

antennas types

Objectives

Receive Antennas

Simple Transmit Antennas

80 Meters - Vertical

Rope support
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Simple Transmit Antennas

80 Meters - T Vertical

Simple Transmit Antennas

160 Meters - Inverted L

Popular for 160 meters

Not truly vertical as the horizontal section 

radiates also

Vertical element should be as tall as possible

Can use a tower as the vertical support

Make sure tower/antennas are NOT resonant on 160 
meters!
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Simple Transmit Antennas

160 Meters - Inverted L

~14 ft

Make the vertical length 

as long as possible

Simple Transmit Antennas

160 Meters - Inverted L

Elevated radials shown, each 

~130ft and can be 7 to 10 ft 

above ground

~127 ft minus 

vertical portion

5
0

 t
o

 6
0

 f
t

Pulley with 

insulator

Wooden or 

PVC support

Or radials on the ground

Graphic by K9LA
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Simple Transmit Antennas

Tuning for Resonance

Use an antenna analyzer

Simple Transmit Antennas

Tuning for Resonance

Adjust antenna length for zero reactance

Impedance
19 

Resonant
(No reactance)

Not Resonant 

reactance 52 
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Simple Transmit Antennas

Vertical & Inverted L 

Feed point impedance will vary and may 

need matching

Simple L Network 
can provide an 
excellent match to 
50 

Simple Transmit Antennas

Shunt Fed Tower

Very effective on 160 & 80 meters
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Simple Transmit Antennas

Shunt Fed Tower

Simple Transmit Antennas

Shunt Fed Tower

Shunt Capacitor 

May be Needed
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Simple Transmit Antennas

Radials

How many radials do I need?
Install as many as possible, as symmetrical as 
possible (try for 16 minimum. Less may work)

Do I have to bury them

Laying them on the ground works fine

Just roll them up in the spring/summer months

Elevated radials?

Simple Receive Antennas

For the Low Bands

capability also!
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Low Band Receive Antennas

Why Do We Use Them?

Reduce receive noise (Improve SNR)

Improve the forward pattern in the desired 

direction
Provide directivity away from noise sources

receive antennas
Usually omni-directional & receives noise from 360°

gain and >20 dB F/B 

Why Do We Use Receive 

Antennas?

Prepared by K9LA

rural
noise is just above S6 (-88 dBm) in line with the ITU data

With receive antennas it is S1 (-120 dBm)
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Simple Receive Antennas 

Beverage Yes its simple!

The Benchmark for receive antennas
The Beverage Antenna Handbook W1WCR

W8WWV

Very simple to build and install

Many different versions and lengths
2-direction, phased, Beverage on Ground (BOG), 
etc.

Simple Receive Antennas -

Beverage

The Benchmark Beverage Antenna

160 Meters 395 ft to 2,600 ft

80 Meters 197 ft to 1,300 ft

~500

http://www.seed-solutions.com/gregordy/Amateur%20Radio/Experimentation/Beverage.htm
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Simple Receive Antennas -

Beverage

Simple Receive Antennas

Beverage
Beverage Supports are 

PVC Cut to 7 ft

PVC 

support is 

Rebar about 

9 inches in 

ground. 

Slide PVC 

over rebar

Cut a slit in a T coupling to place 

Beverage wire in on top of PVC support

Easy installation & take down (if needed). Four 500 ft 

Beverages can be easily installed in one day by one person
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Simple Receive Antennas

Beverage
Termination End Two 1000 

2 Watt Carbon Resistors in 

parallel = 500 

Neon bulb across resistors for 

lightning protection

Feed point End Matching 

transformer #73 Binocular core 

(only one required)

Plastic enclosures are Hammond 
1591LSBK Available from Mouser 

1591LSBK

1591LSBK

Binocular Cores are Fair-Rite 2873000202 
available from Mouser. 

Wire is #28 wire wrap wire available from 
DigiKey W28-6H-ND (select your favorite color!!) 

Winding details 
fifth edition, Table 7-28, page 7-69

Simple Receive Antennas

Other Than Beverage

Loops
K9AY
VE3DO
Double Half Delta Loop (DHDL)
Flag
EWE

Vertical Arrays
Active

HiZ, YCCC-9
Passive

Broadside/Endfire (BSEF)
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Simple Receive Antennas 

Loops General Info

Terminated for directional pattern

Cardioid pattern with one deep null

Some designs provides up to 4 directions

Can fit in a small yard

Will need a preamp

All small loop designs produce similar 

results

Simple Receive Antennas 

Loops K9AY

https://www.aytechnologies.com/TechData/HowToBuild.pdf
http://www.k9ay.com/TechData/K9AYLoopArrays.pdf
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Simple Receive Antennas 

Loops K9AY

Feed point and termination are at the same 

location

Simple switching can instantly reverse the 

pattern direction by exchanging the feed and 

termination

When using two crossed loops, 4 different 

directions can be selected

Simple Receive Antennas 

Loops VE3DO
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Simple Receive Antennas

Loops VE3DO

Simple Receive Antennas 

Loops DHDL

Designed by George, AA7JV

Not dependent on ground

Essentially two half delta loops 

interconnected to create a single antenna

Improved performance over a single flag

Wire diameter not critical
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Simple Receive Antennas 

Loops DHDL

Wires not connected

https://tx3a.org/documents/TX3Astory.pdf

Simple Receive Antennas 

Loops DHDL

Use #31 ferrite cores with several turns of 

coax for common mode choke

Keep antenna away from resonant verticals 

and large metal objects (such as metal roof)

single flaw or EWE and almost as good as 

George AA7JV
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Simple Receive Antennas 

Vertical Arrays

Several different types and level of 

complexity. The following are not considered 

HiZ Antennas
Several different configurations and switching schemes
Special electronic phasing and control system

Broad Side/End Fire (BSEF) Array
Relatively simple but requires 375 ft diameter circle for 160!

We will review the YCCC-9 vertical array

Simple Receive Antennas 

Vertical Arrays YCCC-9

Designed by John Kaufmann, W1FV

No top hat wires or radials required
Uses high impedance amplifier at each element
Requires a preamp on output of combiner

Requires an amplifier at each element and a 

main combiner unit
Parts & instructions available

Covers 160-80-40 meters



273

Simple Receive Antennas

Vertical Arrays YCCC-9

Uses 3 inline verticals with active high 

impedance amplifiers

Designed details in QEX

Part 1 Sept/Oct 2011   Part 2 Nov/Dec 2011

VE6WZ YouTube Videos on YCCC-9:

https://www.youtube.com/watch?v=DLdcR4Qr9Fg

https://www.youtube.com/watch?v=lVW1CmrzP7c

https://www.youtube.com/watch?v=dl-crM5Kb6A

Simple Receive Antennas

Vertical Arrays YCCC-9

Can be configured with up to 9 verticals 

for eight direction coverage
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Noise is the 

Grim Reaper of

Weak Signal 

Reception

Simple Station Improvements

Eliminating Noise!

Several years ago the only noise threat to 

your station was line noise
Amateur radio was viewed as the noise & interference 
threat to consumer electronics

Today, consumer electronics generate 

significant noise and interference to amateur 

radio reception

Simple Station Improvements

Noise - Worst Generators
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Simple Station Improvements

Noise - Worst Generators

#1 Offender #2 Offender

Simple Station Improvements

Noise - Worst Generators

Others include:
Switching power supplies

Medical devices
LED lights, outside light & dimmer controls
The list is endless and they are everywhere!

So what can a little old meek and mild ham 
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Simple Station Improvements

Clean Up Your Station First!

Cleaning up your station is Rule #1. 

Here are some guidelines:

If you must use a switching power supply, be very 
selective on what you purchase/use

Use high quality cables and connectors to 
interconnect all of your equipment.

Simple Station Improvements

Clean Up Your Station First!

If you are using a 12 Vdc wall wart, cut the 

cable off and connect it to a 12 Vdc power 

supply. Throw the wart in the trash

wall wart
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Simple Station Improvements

Toroids

Extremely effective but MUST use the right 

ones

Do NOT buy something out of a tray at a hamfest or 

Use a #31 mix toroid

Mouser # 623-2631803802

Fair-Rite Part No:2631803802

WRAP IT!

Simple Station Improvements

http://www.k9yc.com/RFI-Ham.pdf
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Simple Station Improvements

Internet Modems & Routers

noise issues

Any power or other cable connected to these devices 
is an antenna!
For CAT5 or 6, wrap several turns of the cable in a 
#31 toroid. Also use the DX Engineering DXE-ISO-
Plus in-line filters

Simple Station Improvements

Power Supplies

If you must use a switching power supply 

instead of a linear supply, purchase one that 

is designed to filter out the noise
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Simple Station Improvements

For Receive Antennas

To eliminate common mode noise on the shield

for specific details

Simple Station Improvements

Other Action to Take
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Simple Station Improvements

Other Action to Take

Simple Station Improvements

Other Action to Take
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Simple Station Improvements

Now What?

Your station is clean, but you have noise 

from somewhere
Not much you can do with noise that comes from a 
neighbor.

At W5ZN there is a horrible noise to the east 

only on 160 meters.
Thought it was line noise until we cleared all power 
line noise
Generated from a house >¼ mile away

Simple Station Improvements

Now What?

Concluded it is a medical device or a grow 

lamp
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Simple Station Improvements

Noise Cancelling Devices

Different models available

Timewave ANC-4+
MFJ 1026
DX Engineering NCC-2

Simple Station Improvements

Noise Cancelling Result

20 dB null in noise
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Simple Station Improvements

Noise Cancelling Result

Steve VE6WZ has an excellent instruction on using a 
noise cancelling unit:

https://www.youtube.com/watch?v=Gt0Hokz_m3w&t=46s

Simple Station Improvements

Test Equipment

Test Equipment the two most 
valuable instruments beyond a VOM
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Simple Station Improvements

Final Thoughts

Determine the array that fits your need

Build it

Test it

Simply Outstanding

Additional References

An Introduction to Operating on 160m K9LA

https://k9la.us/An_Introduction_to_Operating_on_160m.pdf

Working 160m From A Small Lot (and Larger Ones Too) 
http://k9yc.com/publish.htm

W3LPL Anything antennas - READ IT & LEARN!
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Thank You
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CTU Presents

QRP/Low Power Contesting-

Tips & Strategies
Anthony Luscre, K8ZT

Email- k8zt73@gmail.com
Website- www.k8zt.com

Contact Information

2
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Many slides & links so you’re probably 
going to want to review extended  
version of Today’s Presentation

View complete  slide show and access links at 

tiny.cc/ctu-qrp
If you need a PDF copy click here

I thought I could save time by asking Chat GPT to 
use AI to write this presentation, but…

QQRP Contesting
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Today’s Topics
QRP & Low Power Definitions & Why?
QRP Myths & Myth Busting
Differences in QRP/LP vs. QRO Contesting
Getting Started with QRP/LP & Operating Tips
Successfully Making Exchange
Contest Selection
Addendum

QQRP/Lower Power Contesting

Most contests & awards recognize 55 Watts
as QQRP for all modes
A small minority of organizations use 10 watts PEP 
on SSB, but this is not recognized by most 
award/contest sponsors as QRP
QRPp is name for even lower power                          
also called Milliwatting using                                     
< 1 watt output power

DDefinition- QRP
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Most contest & awards recognized 100 Watts or less 
as Low Power for all modes
A small minority of organizations use 150 watts but 
this is not recognized by most                                
award/contest sponsors as Low Power
Recently ARRL has switched                                       
from 150 to 100 Watts

DDefinition- Low Power (LP)

Most casual contesters choose Low Power over                 
High Power (1500 Watts) because their radios have           
100 Watt output & they have no amplifier
The decision of Low Power vs. QRP is typically not an 
equipment issue but one of individual choice, style, 
challenge, etc.
Most tips & strategies in this presentation apply to both 
QRP & Low Power, with exception of calling CQ (running)

DDecision- QRP or LP
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TThe Challenge?

Why do contesters choose 
QRP?

TThe Challenge
Awards
Contests
Personal Goals

WWhy QRP?
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“Why I Operate QRP”
is similar to the 
statement…                                        
“Why I Fly Fish”

WWhy QRP?

WWhy Not QRP?
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You must use a QRP only radio

You must use CW Only

You can’t Win Contests

You can’t use beams or good antennas

You cannot work DX

You must use QRP all of the time

QQRP Myths

You must use a QRP only radio
Most QRO (100 watt) radios can be 
adjusted for lower power output

Follow manufacturer's suggestions
Adjust ALC, turn down drive, etc.
For further, precise power                                  
reduction, use step attenuators

QQRP Myth Busting
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You must use CW Only
Although a majority of QRP operators 
historically used CW, many use SSB
Recent popularity of Weak Signal Digital 
Modes- have become very 
popular for QRP ops

QQRP Myth Busting

CW is a potent tool for making QRP contacts
You do not need to be a CW expert to make 
CW Contest QSOs
See presentation                                            
Fun with Morse (if                                                           
you are not a CW op & are                                                               
interested in getting started)     

BBut, If You are Interested in CW
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You can’t Win Contests
Most contests have 
separate categories for 
QRP operators so you are 
only competing against 
other QRP Ops

QQRP Myth Busting

Most contests have separate categories for QRP

QQRP Myth Busting
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You can’t use beams or other good 
antennas
You certainly CAN! 
Don’t confuse low power with poor signals
Unlike high power amps, the gain of antennas 
benefits you twice- once on transmit and again 
on receive

QQRP Myth Busting

You should always append QRP to 
your callsign
You can choose to, but I strongly suggest you DO 
NOT
Some stations will not answer because they assume 
it is going to be too hard to complete the QSO
But if a station is calling for QRP stations, feel free to 
apply if you are operating QRP either way

QQRP Myth Busting
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You cannot work DX
Maybe you will not be first to break the 
pileup but with patience and good operating 
practices you can work plenty of DX
Many QRPers work contests because they are 
a good chances for DX

QQRP Myth Busting

My QRP Operating Results*
>105,000 QRP QSOs
DXCC Mixed 328 (317 Confirmed)
WAS 11 Bands (160 to 6M)
WAZ (CQ Worked All Zones)- 3 bands
ITU Zones 76 out of 77
DXCC Challenge - 1661
Grids (AA##) - 2127

QQRP Myth Busting

Mode DXCC

CW 315

SSB 305

RTTY 189

FT8/FT4 244

DATA 265

ALL 328

Note this is over a 40+ year 
operating history with 
majority in last 20 years
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My QRP Operating 
Results

Working QRP DXCC, 
especially, on lower 
bands can greatly                        
benefit from 
FT8/FT4 & CW

QQRP Myth Busting

Band CW SSB FT8/FT4 RTTY
TOTAL 

DXCC
Band

Mixed 315 305 244 189 328 Mixed

160M 57 11 67 1 82 160M

80M 102 64 64 10 119 80M

60M 2 3 73 29 76 60M

40M 166 85 56 12 173 40M

30M 139 - 89 - 168 30M

20M 269 227 184 123 298 20M

17M 239 147 184 46 276 17M

15M 242 206 159 99 274 15M

12M 214 252 115 86 227 12M

10M 191 101 120 44 279 10M

6M 23 24 37 1 52 6M

DDifferences in QRP vs. QRO Contesting

Besides obvious power difference other 
differences include

Strategy of 
Planning
Operating Style

Less margin for error
You won’t work everyone you hear!
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QQRP Contesting

QRP Contesting 
often seems like 
you are always 
climbing uphill…

QQRP Contesting

…with very little 
margin for error
But it can be 
done 
successfully!
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WWinning Contest Factors

Factors Contributing to Contest Scoring Success

1 Number of QSOs Running (Calling CQ) with prolonged high rates is key to high numbers

2
Point Values of 

QSOs
Can be greatly influenced by Geographic Location

3 Multipliers Importance to Final Score influenced by individual Contest's Rules

4
Secondary 

Multipliers

Varies by Contest, may include Power and/or Mode multipliers, 
Multipliers by Band, by Mode or One Time, Scoring by Distance, 
Bonus Points for working certain stations or station types

5 Accuracy Avoiding UBNs, Lost Points, Lost Multipliers, Penalties, etc.

6 Competition Who are you competing against varies by year, category, etc.

DDifferences in QRP vs. QRO Contesting

Number of QSOs
When operating QRO, Calling CQ (a.k.a Running or  
Park & Bark) is King-
“If you’re not running you’re losing”                           
Other option is Answering Others’ CQing                      
(a.k.a. Search & Pounce, S & P,                                     
Hunt & Pounce or Click & Call)                                      

See “Contesting 101 Operating” (section                       
on How to Search and Pounce)by K1DG
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DDifferences in QRP vs. QRO Contesting

CQing QRO vs. QRP

DDifferences in QRP vs. QRO Contesting

Number of QSOs
Most QRPers & many LP contesters do a lot of 
“Search & Pounce”
Most beginning contesters                                   
typically use S & P,                                              
especially on CW
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DDifferences in QRP vs. QRO Contesting

Number of QSOs
With QRP, Running is Difficult Unless

You are a rare multiplier
You have a killer antenna farm
You are an elite operator
Band has a lot of open space
You pick an Opportune time
2nd day or near end of contest

DDifferences in QRP vs. QRO Contesting

Number of QSOs
Search & Pounce Aids

Logging Software Bandmap
Assisted- from spotting & tuning 
Non-Assisted- from tuning

Radio Band Scopes or external Waterfalls
SDRs & Software
See The “Advantages of Waterfall Displays for 
Contesting and DXing” by N6TV
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DDifferences in QRP vs. QRO Contesting

Search & Pounce- QRP Obstacle!

DDifferences in QRP vs. QRO Contesting

Number of QSOs
You still want to maximize # of Qs with QRP but may 
need to use special strategies

Be there just as band opens or closes
Be “fresh meat” near end of contest
SOR2 or Modified Hunt & Pounce 2BSIQ (Two Bands 
Synchronized Interleaved QSOs) both tricky, but not 
impossible with QRP
Strategic periodic CQs under specific conditions
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DDifferences in QRP vs. QRO Contesting

Point Values of QSOs
On both QRO & QRP, this is all about location, 
location, location just like real estate

In CQ WW your zone and country make a big 
difference (this is often why contesting stations 
are where they are)
Big difference with QRP is if you are located in a rare 
or desirable zone or country, you have better chance 
of running

DDifferences in QRP vs. QRO Contesting

Multipliers
While working most available Multipliers can be an 
important part of a Running a QRO station, it is often 
not as important as high rates
With QRP, Multipliers often play a much bigger role 
in higher scorers

Even more important with CQ WW and other 
contests with double multipliers and lots of mults 
available on each band
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DDifferences in QRP vs. QRO Contesting

Multipliers
QRP operators need to pick up “cheap mults”

Don’t forget no point mults in CQ WW
Working in All Band category, try to work all open 
bands even if just for a few minutes as each new 
contact on new bands are often new mults
Have a checklist of expected mults and a strategy/ 
hourly plan for working them

DDifferences in QRP vs. QRO Contesting

Finding Multipliers
If you are working Assisted you can use Clusters, RBN, 
even a local Skimmer
Unassisted (and Assisted)

Have strategies, band change schedule, etc.
Understand Propagation
If you can’t easily work a multi make a note 
(and/or add to bandmap) for later or next day on 
same freq or band & time
Quick detection of who’s there
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MMultiplier Trap

Avoiding the Multipliers Only Trap
Although multipliers can be important you still 
need points to multiply them by

MMultiplier Trap
Avoiding the Multipliers Only Trap

If you get too focused on mults you will miss points
Work the 2nd, 3rd, etc. instance of a mult, not for 
mult but for points
If you are not CQing you need to be HHarvesting Qs
Understand which target Point QSOs prove easier, 
abundant points

Targets usually vary based on geography & band
Don’t waste too much time on nonproductive 
bands
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LLow Hanging Fruit
Most frequently worked prefixes 
by Mode from my Ohio location)

Factors affecting frequency of contact
Ham population of each DXCC
% of Contesters in each DXCC
Your location & distance/path of DX
Propagation
Bands being used
Mode interest by country

LLow Hanging Fruit
Harvesting Points- Low Hanging Fruit 
(stations vary by your location)
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DDifferences in QRP vs. QRO Contesting

Secondary Multipliers
Some contests have a point multiplier…

for power level
for specific modes
for specific bands

typically lower freq bands in HF
typically higher freq bands in VHF/UHF

for working a QRP station (Stew Perry Topband)

DDifferences in QRP vs. QRO Contesting

Accuracy
As a QRP signal you have a greater chance for 
stations busting your call/exchange

Use Standard NATO/ITU Phonetics or carefully 
selected substitutes for clarity (esp. non-English 
speakers)
Use good CW sending with proper spacing, judicial 
use of cut numbers, weighting, etc.
See “Busted Callsigns”- link
If your call is problematic consider a Call Sign Change
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DDifferences in QRP vs. QRO Contesting

Accuracy- Consider a Call Sign Change
Slideshow- tiny.cc/idealcall
Video Recording- youtu.be/BmI9LGdt6aY

DDifferences in QRP vs. QRO Contesting

Competition
Most contests have separate QRP category or 
categories, so you are only competing against other 
QRP stations
Often QRP categories have many fewer competitors 
than Low Power category
Just as in QRO categories, who else enters is outside 
of your control
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GGetting Started with QRP
Steps
1. Get on HF Bands; if you are not already
2. Try turning down your current rig’s output power 

level or pick up (or borrow) a QRP radio
3. Check out the Top 15 Tips
4. Make QRP contacts
5. Use additional resources to learn
6. Join a QRP Club
7. Make more contacts and have fun!

CContesting with QRP
QRP Only Radio vs. 100 Watt radio with power 
turned down

Just as with low power vs. high power compliance 
is dependent on the integrity of the operator
Turning down your current rig’s output power level 
needs to be confirmed with an accurate meter
Avoid temptation of bumping it up “just a tiny bit”
Using QRP only radio removes questions
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Ten-Tec Argonaut 515,  
in an easily moved 
wooden case
I didn’t listen to “advice” 
from other hams-
“Novices Shouldn’t Start 
with QRP”

MMy First Shack

TTen Tec 

Odyssey of the Argonauts (and 
beyond) a story of early Ten Tec QRP 
Radios

Slideshow-
tiny.cc/ooa
Video
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Elecraft KX3 
for details 
visit-

MMy 4th QRP Shack in a Box

EElecraft K3S-10 Current QRP Rig
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If you are 
familiar with 
operating the 
ICOM IC-7300 the 
IC-705 has very 
similar controls & 
same size display

IICOM IC-705 HF/VHF/UHF QRP TRCVR

PPopular QRP Only Rigs
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TTips for QRP Success

TTop 15 Tips for QRP Success

1. Use best possible Antennas & feedline for situation
2. Develop Good Operating Techniques
3. Operate during Contests & high volume activities
4. Understand your Radio (know how to use features 

including filtering, split operation, memories, TX audio 
tailoring, etc.)

5. Be Persistent (you probably will not be first to break 
every pileup)
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TTop 15 Tips for QRP Success

6. Learn to be a skillful Search & Pouncer (but don’t be 
afraid to call CQ at strategic times)

7. Be there near the end of contests as “fresh meat”
8. Don’t append QRP to you call (especially in pile ups 

& contests)
9. Understand Propagation &                                         

current conditions
10.Try using highest freq open band

TTop 15 Tips for QRP Success

11.Operate on as many bands as possible, especially 
lesser used bands (30, 17 & 12)

12.Operate multiple modes, each mode you operate 
increases your chances (CW, SSB, DATA)

13.If you don’t currently operate CW, learn at least 
enough to make simple Contest & DX contacts

14.If you haven’t tried FT8/FT4 you are missing a 
great weak signal mode

15.Get on the Air as Often as Possible
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DDevelop Good Operating Techniques

Try to always use the best operating technique, 
with QRP power you do not have as much margin 
for error as QRO, if you want to make QSOs
Listen, Listen, Listen
Understand the Timing,                                            
Rhythm, Rhyme & Dance                                           
of QSOs-

DDevelop Good Operating Techniques

Mimic efficient and effective operators
Know Procedures: 

S.O.P. including typical contest exchanges
Variations by 

Contest
Mode
Specific Station you are trying to work

Good Etiquette still matters with QRP
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Successfully Making Exchange
Give your exchange in 
the expected/accepted 
order/manner
Use correct abbrv. for 
Counties/States
On phone use 
phonetics as necessary

Successfully Making Exchange
If the station has not successfully received                
your call or exchange?

If CQing station is having a problem with your                    
call and/or exchange, consider repeating it                        
twice but don’t get carried away with endless repeating
Consider alternative phonetic for missed letter(s)
Excessive use of sending double calls/exchanges               
in good conditions can frustrate other stations                   
and greatly slow things down
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Successfully Making Exchange
On phone, good operators can add a cadence & 
pitch to the voicing of the exchange that clarifies 
different portions of                                                  
the exchange and can                                                
enhance the ability to                                                
copy it
On CW, proper spacing                                                
is very important
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Successfully Making Exchange

If the station repeats back to your exchange 
with a ? (Questioning or Please Confirm)

CConfirm it, if it was correct-
a quick R, RR, Roger or QSL will do
IIf it was wrong- send NO, NEG                                    
or say Negative,                                                          
then repeat corrected exchange
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Successfully Making Exchange
If the station is not successful at getting your 
exchange after multiple tries they may send:

LATER (Try Later)*
NIL (No contact was made, DO NOT LOG)
SRI (Sorry)
They start just calling CQ or QRZ again                        
with no acknowledgement-
(No contact was made, DO NOT LOG)

* Make a note of freq and try later

Planning- Picking a Specific Contest

Unlike most other sports competitions, in 
Radio Sport, contestants                                        
get to choose their                                                
own “Playing Field”
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Planning- Picking a Specific Contest

By choosing specific contests and entry 
categories you can best match your…

Interests & Modes
Operating skills
Radio equipment & antennas 
Level of competitiveness

Planning- Picking a Specific Contest

You can also choose specific contests that also 
favor...

Your Geographic Location
Specific Bands
Increasing your DXCC,                                        
WAS, etc. totals 
Winning or finishing                                           
in a top spot
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Planning- Strategy & Scheduling
Know Who Will Be There 

NG3K Amateur Radio Contest/DX Page (ADXO)
Learn calls, locations, habits of contesters

Especially atypical calls for specific multipliers
Who to spend extra time trying to work vs. what 
will be available throughout contest
Who & When to target for rare zone or grid mults    

Planning- Strategy & Scheduling

Know When They Will Be There 
Propagation Predictions & Previous Results
Operator Habits
2nd Day Chances
Don’t miss short band openings
Grey Line can be your low band friend
It’s hard to beat quality BIC Time to improve score
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QQRP/LP Contesting Summary

Work Mults, don’t miss extra chances
Timing & Technique are Critical!
Harvest Qs, remember points are                   
vital & if not CQing, Harvest
Call CQ if & when opportune
Plan ahead- ADXO, Prop, etc.
BIC- Butt In Chair Time Critical + Persistence

View this slideshow and access all 
resources links at 

tiny.cc/ctu-qrp
If you need a PDF copy- click here

QQuestions / Comments ?
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AAddendum

See following for…
QRP Introduction
Other Resources

NNew to QRP Operations ?

tiny.cc/qar
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QQRP Clubs

I cannot stress how much QRP clubs around the 
world, both large and small, have contributed to 
adoption and innovation of QRP operation
We also owe an immense gratitude to the many 
individuals that have contributed to QRP & QRP clubs
Please take a look a list of QRP clubs on next page and 
consider joining one or more

QQRP Clubs
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Find Your Exchange
Finding your Grid, CQ Zone & ITU Zone:
tiny.cc/findexc

Finding your Grid Square
Zone-Check
CQ Amateur Radio
Mapability EI8IC
Levin Central
Amateur Radio                                                                        
Charts & Maps

Find Your Exchange
Finding your Grid, CQ Zone, ITU                              
Zone, Section, etc.

Amateur Radio Charts & Maps-
tiny.cc/chart-maps
For a wide variety of location                                     
based exchanges resources visit 
www.k8zt.com/operating/                                                     
maps-charts
Always check individual contest                                  
rules for any details on exchange
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Other Contesting Resources
www.k8zt.com contesting page

• If your club is interested in a online 
presentation I am currently offering 
multiple options, for a list visit

tiny.cc/k8zt-p
• Email me if interested 

k8zt73@gmail.com

Presentations
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CTU Presents

Contesting for Ionospheric Science 

During the 2023 and 2024 North 

American Solar Eclipses

Nathaniel A. Frissell W2NAF
Gary Mikitin AF8A, Gareth Perry KD2SAK, Joe Huba, Bill Engelke AB4EJ, Rachel Boedicker AC8XY, Kristina 
Collins KD8OXT, John Gibbons N8OBJ, David Kazdan AD8Y, Phil Erickson W1PJE, Bob Gerzoff WK2Y, Mary 

Lou West KC2NMC, Ward Silver N0AX, and the HamSCI Community

A collective that allows university 
researchers to collaborate with the amateur 
radio community in scientific investigations.

Objectives:

1. Advance scientific research and 
understanding through amateur radio 
activities.

2. Encourage the development of new 
technologies to support this research.

3. Provide educational opportunities for the 
amateur radio community and the general 
public.

hamsci.org/dayton2022

Founder/Lead HamSCI Organizer:
Dr. Nathaniel A. Frissell, W2NAF

The University of Scranton

Ham radio Science Citizen Investigation

2
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Festivals of Eclipse Ionospheric Science

3

Annular: Saturday, Oct 14, 2023

Total: Monday, April 8, 2024

https://hamsci.org/eclipse

Solar Eclipse QSO Party 2.0

Taking the best concepts from 
the 2017 event yielded a fresh 
set of rules, FAQs, etc.
The HamSCI website is the 
ultimate resource:
https://hamsci.org/contest-info
https://hamsci.org/seqp-faqs
https://hamsci.org/seqp-rules
Results will be published
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Gladstone Signal Spotting Challenge

A contest for people who like 
running skimmers, using FT8, 
FST4W, and WSPR!
The HamSCI website has details on 
the Challenge and links to WSPR 
and FST4W information
https://hamsci.org/contest-info
https://hamsci.org/gssc-faqs
https://hamsci.org/gssc-rules
Results will be published

The Ionosphere

6

Figure by Carlos Molina (https://commons.wikimedia.org/wiki/File:Ionospheric_layers_fro
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Refraction as a Function of Electron Density

7

Eclipsed SAMI3 - PHaRLAP Raytrace

PHaRLAP: Cervera & Harris (2014), https://doi.org/10.1002/2013JA019247
SAMI3: Huba & Drob (2017), https://doi.org/10.1002/2017GL073549
Amateur Radio and the Eclipse: Frissell et al. (2018), https://doi.org/10.1029/2018GL077324

8

(Frissell, 2016, https://vtechworks.lib.vt.edu/handle/10919/74976)
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Eclipses 2023 and 2024

[https://www.greatamericaneclipse.com/]

Umbra and Penumbra

Umbra: innermost region of the shadow; Sun fully hidden & objects in total 
shadow.
Penumbra: outermost region of the shadow; Sun partially hidden & objects still 
receive some sunlight.

Ryden Fig 4.14: 

(penumbra).
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Total and Partial Eclipse

Total Eclipse: Observer is located in the umbra.
Partial Eclipse: Observer is located in the penumbra.

A Total Solar Eclipse is much more dramatic than a partial solar eclipse. During a 
total solar eclipse, you can even see the Sun’s Corona! If you have a chance to be 
in the path of totality during a solar eclipse, you should take the opportunity!

Total and Annular Solar Eclipses

The Moon appears larger in the sky at perigee compared to apogee.
By coincidence, when the Moon is at or near perigee, it is sized to completely 
cover the solar disk during an eclipse. This results in a Total Solar Eclipse.

At apogee when the Moon is farthest from the Earth, it will fit inside the Solar disk 
rather than totally obscure it. This creates an Annular Solar Eclipse.
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Total and Annular Solar Eclipses

Total Partial Annular

Photo By Yurakum
(https://commons.wikimedia.org/wiki/File:Sun_eclipse_2

5_oct_2022_in_Saratov.jpg)

Photo By Smrgeog~commonswiki
(https://commons.wikimedia.org/wiki/File:Annular_Eclipse._T

aken_from_Middlegate,_Nevada_on_May_20,_2012.jpg)

Photo by Jim Sackerman, 
KC2ZFK

Eclipse Ionospheric Effects

14

Because solar radiation is blocked from the atmosphere during 
an eclipse, we can expect the ionosphere to respond similarly to 
day and night.

What are those differences?
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Differences Between Eclipses and Day-Night

Eclipse is shorter duration.
More localized.
Travels at supersonic speeds.
Travels in directions that are different from westward motion 
of dawn and dusk terminators.

15

Eclipses as Controlled Experiments

Aside from dusk, dawn, and the seasons, there are very few 
cases where we know a priori how much solar energy will be 
input into the upper atmosphere.
Solar flares, geomagnetic storms, and others are random 
events we cannot predict.
We can calculate eclipses with great accuracy ahead of time, 

experiment.

16
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Annular Solar Eclipse: October 14, 2023

17

Total Solar Eclipse: April 8, 2024

18
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2017 Total Solar Eclipse

Figure: W. Strickling, Wikipedia

Partial Start: 1604 UT

Total Max: 1716 UT

Partial End: 1834 UT

Partial Start: 1720 UT

Total Max: 1851 UT

Partial End: 2013 UT

21 August 2017

HamSCI Eclipse Research Questions

Can we use HF ham radio communications to observe eclipse effects 
on the ionosphere?
Can we use data-model comparisons to:

Better understand the ham radio data?
Constrain or calibrate the model?

J. Sackerman, KC2ZFK W. Engelke, AB4EJ
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Solar Eclipse QSO Party (SEQP)
August 21, 2017 from 1400 2200 UT

Contest-like
2 Points CW or Digital
1 Point for Phone
Multiply Score by # of Grids

Exchange
RST + 6 Character Grid Square

Data sources
Reverse Beacon Network
PSKReporter
WSPRNet
Participant-submitted logs

http://hamsci.org/seqpssssseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqppppppppppppppppppppppppppppppppppppppppppppppppppppppppppqqqqqqqppppppp

Solar Eclipse QSO Party

570 parsed logs
29,809 QSOs
4,929 unique callsigns
649 4-char grid squares
80 DX Entities

(from logs submitted to hamsci.org)
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SEQP Observations

Network # Spots / QSOs

RBN 618,623

WSPRNet 630,132

PSKReporter 1,287,962

Participant Logs 29,809

RBN

reversebeacon.net
WSPRNet

wsprnet.org
PSKReporter

pskreporter.info

Observations from 21 August 2017 1400 2200 UT

Solar Eclipse QSO Party RBN Observations

24

[Frissell et al., 2018, https://doi.org/10.1029/2018GL077324]
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SEQP RBN (O300

[Frissell et al., 2018, https://doi.org/10.1029/2018GL077324]

14 MHz 2017 SEQP RBN (O300

Epoch Hours

[Frissell et al., 2018, https://doi.org/10.1029/2018GL077324]
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2017 SEQP RBN (O300
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Modeling the Solar Eclipse QSO Party
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SAMI3-PHaRLAP 

Raytrace

1600 2200 UT 14.03 

MHz

TX: AA2MF (Florida)

RX: WE9V 

(Wisconsin)
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Modeling the Solar Eclipse QSO Party

[Frissell et al., 2018, https://doi.org/10.1029/2018GL077324]

Observations and Model Results

30

Epoch Hours

Ham Radio Observations

Model Eclipsed SAMI3 with PHaRLAP Raytracing

[Frissell et al., 2018, https://doi.org/10.1029/2018GL077324]
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RBN Observations SAMI3 Simulation

RBN Observations Eclipsed SAMI3 - PHaRLAP

14 MHz

7 MHz

3.5 MHz

1.8 MHz

[Frissell et al., 2018, https://doi.org/10.1029/2018GL077324]

SAMI3 < 125 km alt

RBN Observations SAMI3 < 125 km Altitude

14 MHz

7 MHz

3.5 MHz

1.8 MHz

[Frissell et al., 2018, https://doi.org/10.1029/2018GL077324]
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RBN Observations

14 MHz

7 MHz

3.5 MHz

1.8 MHz

[Frissell et al., 2018, https://doi.org/10.1029/2018GL077324]

2017 Eclipse Conclusions

34

SEQP generated over 2.5 million link soundings.

Eclipse effects are observed:
±0.3 hr on 1.8 MHz
±0.75 hr on 3.5 and 7 MHz
±1 hr on 14 MHz
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2017 Eclipse Conclusions: 14 MHz

35

Raytracing suggests 14 MHz refracted at h < 125 km

This means E-layer ionosphere!

Higher frequency meant D-layer absorption was not a 
problem, even at low elevation angles.
Low-angle rays could be refracted by E-layer (secant law)
Higher elevation angles penetrated both the E and F 
layers.

2017 Eclipse Conclusions: 1.8 - 7 MHz

36

Raytracing suggests 1.8 -

This means F-layer ionosphere!

Low-angle rays were likely absorbed by the D-region and 
not observed.
Higher elevation angles penetrated the E-layer but could be 
refracted by F-layer.
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2023/2024 Science Questions

37

Can the annular eclipse be observed in HF communications?
How large is the disturbance?
How long before and after maximum eclipse are eclipse effects 
observed?
Is an onset-recovery asymmetry observed?
Will results again suggest E-layer propagation for 14 MHz and F-
layer for 1.8 7 MHz?
How similar are the eclipse effects to dawn and dusk (grayline)?

HF Doppler Shift

38

Figure by
Kristina Collins KD8O
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Steve Reyer, PhD, WA9VNJ (SK)

Steve Reyer
1950-2018

Professor Emeritus of Electrical Engineering at 
the Milwaukee School of Engineering
Teacher and Industry Consultant

digital signal processing
communications
microprocessors
circuits
Senior Design

Active in FMT Community
Very important for HamSCI 2017 Eclipse 
Frequency Measurement Experiment

WA9VNJ 10 MHz WWV Observations
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41

Grape Low-Cost PSWS Status

42

Case Western Reserve University and

Case Amateur Radio Club W8EDU.

Primary objective is to measure Doppler Shift of 
HF standards stations such as WWV and CHU.

Cost of Grape v1 is ~$300 (not including antenna).

Several stations are currently deployed.

Grape v1 build documentation is available at 
hamsci.org/grape1.

Doppler shift data is collected via spectrographs and 
frequency estimation algorithms.

Grape V2 will be capable of monitoring 3 HF channels 
simultaneously. Raspberry Pi 4 with Switching Mode Power Supply 

for Grape Receiver and GNSS Disciplined Oscillator
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5 MHz WWV-AB4EJ Doppler Shifts

43

Data by
Bill Engelke AB4EJ

5 MHz WWV-WA5FRF Doppler Shifts

44D
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10 MHz WWV-N8OBJ (Cleveland, OH)

45

46
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Solar Eclipse Grape Doppler Science Questions

47

1. How do dawn and dusk ionospheric variability as observed by HF 
Doppler shift measurements vary with local time, season, latitude, 
longitude, frequency, distance, and direction from the transmitter?

2. Is eclipse ionospheric response symmetric with regard to onset and 
recovery timing?

3. How similar is the eclipse to daily dawn and dusk terminator 
passage?

4. Do we observe multipath HF mode-splitting in the post-eclipse 
interval that is similar to dawn events?

5. How is the response different for the southward Annular eclipse in 
2023 compared to the northward Total eclipse of 2024?

Getting Involved

48

HamSCI now has over 750 

members!

Join by visiting hamsci.org

Main Google group is open 
discussion for all things 
related to HamSCI.
Many specialized email lists 
and telecons, too!
Visit Booth 5008
(with TAPR)!
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Visit us in Booth 5008 (with TAPR)!

49
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CTU Presents

VHF Contest
Updates & Questions

Joel Harrison, W5ZN

Impact of FTx in VHF Contests

Concern expressed regarding declining use 
of analog modes (SSB/CW)

CAC VHF+ Subcommittee task to review

What is the impact of FTx modes on VHF 
contesting?

Analyzed contest data both before and after 
the introduction of FTx modes into VHF 
contesting
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CAC VHF+ Subcommittee

K9CT (Chair)
W0ZQ (V-Chair)
W2FU
KK6MC
N7EPD

K2UA
N2CEI
K2DRH
K9JK

Rules Change

Implement analog-only categories for single 
operator.

Approved by CAC

Approved by PSC

Implemented by ARRL
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Introduction of FTx in VHF 

Contesting

Significant impact both positive and negative

Increased use use during contests

Surveyed the VHF contest community

contest log records

Total Logs Submitted

Beginning 4 years before FTx (2017) and five 
years after
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Total Rover Logs

Beginning 4 years before FTx (2017) and five 
years after

Affiliate Club Logs

Beginning 4 years before FTx (2017) and five 
years after
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January Contest

Number of Contacts by Band

Beginning 4 years before FTx (2017) and five 
years after

Number of Unique Callsigns in 

Logs 6 meters

Beginning 4 years before FTx (2017) and five 
years after
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Percentage of 6 meter 

Contacts Using SSB, CW, FM

Beginning 4 years before FTx (2017) and five 
years after

Percentage of 2 meter 

Contacts Using SSB, CW, FM

Beginning 4 years before FTx (2017) and five 
years after



363

Rover Logs

Summary

Number of submitted logs is increasing

Total submitted logs has increased

Total rover logs has increased
In recent contests about 40% of rovers use digital
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Summary

There has been an increase in the number of 
unique callsigns logged

Exception: 3456 MHz, 5760 MHz, and 10 GHz

In recent years 70% of 6 meter contacts and 
about 40% of 2 meter contacts are digital

Fewer than 10% of all 222 MHz and 432 MHz 
contacts were made using digital

Trend is increasing though

Summary

CAC VHF+ Subcommittee continues to 
review participation

categories are performing
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Discussion
Or

?
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Transceiver Performance and 
Selection of a New Radio

Rob Sherwood
NC B

Consider the overall picture.
It may be more than just a new rig.

Sherwood Engineering

Contest University 2023

Focus on your antenna !
Directivity is a big deal.

Goals to emphasize today  

Optimize operation of your current or future rig.
Net Receiver Gain settings very important !
When to use a preamp and when to use an attenuator

New rigs that cost $1600 or less
IC-7300, FTdx10, FT-710, TS-590SG & IC-705

Lab measurements to weed out poor choices.
On-air evaluation is also very helpful.
Are you locked into one brand?

Are you considering a new HF rig?
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What does dynamic range mean?

When internally generated 3rd order distortion 
products equal the noise floor of the receiver.

-

Note: For years RMDR* was the practical limit.

*Reciprocal Mixing (phase noise) Dynamic Range

FTdx-3000 ARRL DR3 vs RMDR example

Defined in QST and hr magazine in 1975* RMDR defined  in 2012

Dynamic Range with 2 kHz tests

Wide roofing filter DR3 70 dB is typical

Narrow roofing filter (Orion II, K3S, 890S, 101D) 
DR3 is typically 95 to 110 dB

Direct sampling (Apache, K4, Flex, Icom) no 
roofing filters, no difference 20 kHz vs 2 kHz

Direct sampling 100 dB +/- 5 dB any spacing 

20 kHz vs. 2 kHz DR3 values
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Dynamic Range of Top 25 HF Transceivers

Yaesu FTdx-101D 110 dB
Yaesu FTdx10 107 dB
Yaesu FT-710 107 dB
Elecraft K3S 106 dB
Icom 7851 105 dB
Kenwood TS-890S 105 dB
Hilberling PT-8000A 105 dB
Elecraft KX3 104 dB
Apache 7000DLE 103 dB
Elecraft K4 101 dB
Yaesu FTdx-5000D 101 dB
Flex 6400 100 dB 
Flex 6600 99 dB (16 dB preamp ON)
Flex 6700 (2017) 99 dB (Preamp OFF)
Icom 7610 98 dB (IP+ ON)
Icom 7300 97 dB (IP+ ON, S/N around 10,000 and up)
Flex 5000 96 dB
Ten-Tec Orion II 95 dB
Ten-Tec Orion I 93 dB
Kenwood TS-590SG 92 dB
Ten-Tec Eagle 90 dB
Flex 6300 89 dB
Icom 705 88 dB (No IP+ ADC linearization)
TS-990S 87 dB (RMDR limited close-in)
Elecraft KX2 86 dB

Close-in 2-kHz Test @ 500 Hz BW

You can effectively work DX and Contests 
with any of these fine transceivers.

New price range $1000 to $12,560+ 

Used market price even lower ! 

100 dB radios unheard of 20 years ago !

I have run contests with 20 of these 25

Top 25 out of 150 radios nc0b.com

How do you select a new radio?

Do you pick one of those top 25 models?
Married to one brand?  Pick $ that fits your budget.

Price range for new rigs $1000 to $12,560+
Ergonomics and User Interface (UI) are important

Quality of Noise Mitigation NB and NR

Antennas are more important than the rig model.
Location, Antennas, Operator Skill, Radio Model  



369

You need to know your radio

Model Noise floor no preamp Dynamic Range

Flex 6600 -111 dBm 99 dB
Elecraft K4 -121 dBm 101 dB
Yaesu FT-710 -127 dBm 106 dB  
Apache 7000 -131 dBm 103 dB
Icom 7610 -132 dBm 98  dB
Icom 7300 -133 dBm 97 dB

Up to 22 dB gain differences with no preamp or attenuation.

With the Flex you likely need preamp gain 20m and up.
With the Icom you likely need attenuation on 40m and down.

None of the designs are right or wrong, but they are very different.

You want receiver noise floor 10 dB lower than band noise. 
More later when discussing Antenna Noise Gain. 

Direct Sampling Radio Examples
Every ADC needs preamp 
gain on upper HF bands

Band Noise vs. Frequency from ARRL Handbook

Residential Urban Noise is worse than in this graph
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How does band noise vary by band?

If we take the ITU rural data as a 
starting point, what is typical?

160 meters: -87 dBm *
80 meters: -93 dBm *
40 meters: -101 dBm *
20 meters: -109 dBm #
15 meters: -114 dBm #
10 meters: -119 dBm #

* = nighttime   # = daytime

Data is with an omnidirectional antenna

Measured band noise at NC0B

Band 20 meters 15 meters 10 meters

0 degrees: -114 dBm -124 dBm -129 dBm
30 degrees: -113 dBm -124 dBm -123 dBm
60 degrees: -110 dBm -118 dBm -120 dBm
90 degrees: -108 dBm -114 dBm -120 dBm
120 degrees: -107 dBm -113 dBm -122 dBm
150 degrees: -107 dBm -114 dBm -122 dBm
180 degrees: -108 dBm -114 dBm -121 dBm
225 degrees: -109 dBm -120 dBm -130 dBm
270 degrees: -109 dBm -120 dBm -130 dBm
315 degrees: -111 dBm -122 dBm -130 dBm

ITU rural value: -109 dBm -114 dBm -119 dBm
Antenna 204BA 155CA 105CA
Height 70 feet 70 feet 65 feet

Beam headings October 20, 2013   9 to 11 AM
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Typical gain setting mistake

If in doubt turn the preamp ON ?   No

Only use a preamp if necessary.  (ARRL DX SSB example)

Incorrect !

Most radios are too sensitive on 40m and below.

Preamps and attenuators are to be used when 
needed, not ON or OFF all the time.

Attenuation may be your RF gain control.  (IC-7300)

Misconceptions

If preamp 2 has the lowest noise floor, I should run it all the time.

That is completely incorrect.

I purchased an SDR radio since it is digital and it has no noise ! 

That would be quite an invention, the noiseless radio.

Every radio, superhet, direct sampling or direct conversion has at 
least 150 dB of gain. It will be divided between analog gain and 
digital gain, but 150 dB of gain is required to go from -130 dBm to 
+20 dBm (100 mW of audio). 
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Antenna Noise Gain

Rig = Icom IC-756 Pro III
6 meter antenna = Ariane C5-50 @ 50 feet

10 meter antenna = Hy-gain 105CA @ 65 feet
15 meter antenna = Hy-gain 155CA @ 70 feet
Preamp 15m 10m 6m
None 4 dB 3 dB* 1 dB
Preamp 1 11.5 dB 9.5 dB 4.5 dB
Preamp 2 13.0 dB 11.0 dB 9.5 dB
* @ 3 dB, receiver noise = band noise = not OK

You can check this by ear but try a meter once.

Some Antenna Comments

Height is very important
40 feet or higher vs. 25 feet is a big deal.
At my QTH 70 feet vs. 40 feet on 20m = 1 to 2 S units.

Sun spots improving.   More DX 15, 12 & 10m
Pick horizontal over vertical if at all possible.
6 dB ground gain from a horizontal antenna.
Keep away from house if possible. 
RFI from equipment in your home is an issue.

Rick DJ0IP   Height = Might !
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Optimize your antenna first

A Yagi at 40 feet vs. a vertical is significant.
Side and Rear rejection can be 20 dB or more.
At my QTH 2 Yagis on the same band pointed 
in different directions sound like two different 
bands from a QRM standpoint. 
A center-fed 40-foot zepp fed with window 
ladder line and a balun is broadside on 20m 
through 10 meters. (Tuner required) 
Know where your RF is pointed !

A step up from a vertical

Directive Antennas reduce QRM !
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Also consider the User Interface (UI)

Superhet or Direct Sampling architecture
Most common UI today: Internal LCD or computer screen
Flex runs on Windows or Apple OS
Apache runs on Windows only

Complication Computer OS not real-time operating system

All others are stand-alone embedded operating system
How you interface with your radio is very personal.

Main Architecture types

Some Rig Price Comparisons 

Model Price New 2020 / 2022

Elecraft K4D $5950  (tuner included) Yes

Yaesu FTdx10 $1400 Yes

Icom IC-705 $1350 Yes

Yaesu FT-710 $1050 Yes

Icom IC-7300 $1000 For comparison

Icom IC-7610 $3250

FTdx-101D $3700 Prices as of March 2023

FTdx-101MP $4900

TS-890S $4200

Flex 6600 $4600
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Comments on Flex

Preoccupied with a military contract for 2 years.
That issue is now behind them.
Focused last 5 years on remote and contesting
Very few DSP improvements for years
Some bugs have been around for a very long time.
Very loyal customer base
No schematics or documentation published
Many models currently on backorder
Maestro an interesting but expensive remote device 
still on backorder until the fall.

Comments on Apache

Leading noise mitigation (NB and NR) 
The only brand with pre-distortion splatter reduction.
A fiddlers delight

Not recommended for your first HF transceiver.
Buy a 100-watt standalone radio (no computer).
Incomplete documentation on dozens of settings
OEM makes the radio
Open Source software runs the radio
Consider a separate computer for just the radio.
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Comments on the IC-7300

A game changer almost 7 years ago.
Over 60,000 sold 
Good Dynamic Range 
7300 operates much like more expensive IC-7610
Excellent ergonomics and scope display
Common user interface for all the Icom direct sampling 
transceivers: 7300, 7610, 9700 & 705
Added scrolling & re-center feature for these Icom rigs.
Firmware update summer of 2021

Comments on the Yaesu FT-710

first direct sampling transceiver
Similar to IC-7300 but better lab numbers

Price FT-710: $1050
Price 7300: $1000
Price FTdx10: $1400

User Interface and band scope could be improved.

Multiple contest evaluations fall of 2022.
(CQ WW CW, ARRL 160 & 10m)
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Comments on the Yaesu FTdx10

Excellent Lab numbers 

Ergonomics different than the FT-710 

User Interface & band scope could be improved.

Classic hybrid superhet with roofing filters.

Both 710 and 10 have an Audio Peak Filter for CW.
Multiple contest evaluations fall of 2022.
(ARRL 160 & 10m plus Stew Perry Top Band CW) 

Yaesu FTdx10 vs. FT-710

Sitting in front of both it is as if they were 
designed by different companies.
Adjusting filter bandwidth easy on the 10 and 
not very flexible on the 710.
The 10 has the volume control on the wrong 
side of the VFO for right handed people.
The 710 has less crowded button placement
Neither of the band scopes and waterfall 
displays automatically re-center when tuning.
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Kenwood TS-590 series

TS-590SG shipped late 2014
Excellent overall performer
Lacks a band scope that is now typical.
(Can be added with an SDR dongle)
TS-590S goes back to late 2010 
Reasonable used price option
Easy User Interface
I operated both S and SG 160m CW contests 
several years ago along with T-T Eagle.

Will Kenwood bring out a new rig in 2023?

The TS-590SG came out in late 2014.
The TS-890S came out in late 2018.

TS-890S has the best waterfall in my opinion. 

The HF to UHF TS-2000 discontinued with no replacement.
That worries me.
Planned competitor to 7300 & 9700 has never materialized.

Every new radio in last 7 years has a band scope and waterfall.

There is a lot of competition against the TS-590SG.
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Summits and Parks on the air 

Does operating outdoors interests you?
Consider the Icom IC-705
160 m through 70cm 
SSB, CW, FM, Digital (with a laptop) $1350
Companion AH-705 single wire tuner $360
23 foot single wire plus a radial 40m 6m

S9 SSB signal on a mountain 100 miles away

10 watts and a battery

2.4 pound Icom IC-705

Smaller than a 7300
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Comments on the IC-705

For HF, operates much like an IC-7300

Lots of VHF features

Excellent ergonomics and scope display

Common user interface for all the Icom direct sampling 
transceivers: 7300, 7610, 9700 & now the 705

Display re-centers when tuning as with the other three.

Comments on the Elecraft K4

Much of the K3 firmware was ported to the K4.
Major firmware improvements in the last two years.

Firmware and features still under development.
New Beta releases often have new bugs.
Regression analysis still needs improvement. 

One of the most expensive current mainstream rigs.   $6000
Price increase announced in January not yet published.

Customer base is likely past K3 owners.
Lots of brand loyalty and reflector support.
Note: With a multi-band antenna Sub RX cannot be on a higher band 
than the main RX due to TX low pass filter in the circuit. 
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Comments on IC-7610 compared to 7300

No noisy relays for T/R or amp key line
Audio Peak Filter (APF) for CW
Identical dual receivers, DX split or other band 
More physical buttons and larger LCD screen
Buttons for each band
Two antenna ports
Port for external LCD monitor
Quieter fan
RX antenna port
RC-28 tuning knob for Sub RX $300
(Flex and Elecraft tuning knobs similarly priced)

Important factors to consider

Operator fatigue is made worse by poor 
receive audio and poor AGC performance.

NB and NR very important for urban QTHs.
You might select a radio mainly due to its 
ability to do noise mitigation.

Flex may be best for remote operation.
Apache has PureSignal and great NR & NB.
Both require an internal or external computer.
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More factors to consider

Bad ergonomics are frustrating. 
Is speech processor adequate?
Standalone or Computer Operated?
Is firmware regularly updated? 
Is warranty service done well and quickly?
Is the radio supported with parts and service 
after it is out of production?

Bottom Line: Do you enjoy using your radio? 

Sherwood Engineering

http://www.NC0B.com

Feel free to email questions !



383



384



385



386



387



388



389



390



391



392



393



394



395



396



397



398



399



400



401



402



403



404



405



406



407



408



409



410



411

Please note, this is a text reprint of the book  
published in 2010. CD-ROM is not included.

OVER 25 YEARS  
OF LOW BAND SUCCESS!

John Devoldere, ON4UN, shares his knowledge of techniques for success on  
160, 80, and 40 meters in the popular title ON4UN’s Low-Band DXing.

 
Originally published in 2010, this fifth edition of ON4UN’s Low-Band DXing includes a discussion of receiving 
antennas. Low-signal transformers for Beverages and other receive-only antennas are analyzed in detail, 
along with effective common mode filters. It includes an examination of phased arrays – with concepts such 
as the hybrid-fed 4-square array and opposite-voltage feed system – and dozens of propagation maps based 
on DX Atlas. A must-have for all amateur radio operators who use 40 meters through Top Band!

s and other r
des an examination of phased arrays – with
tage feed system – and dozens of propagation maps based 

perators who use 40 meters through Top Band!

TABLE OF CONTENTS:

 • Propagation
 • DXing on the Low Bands
 • Receiving and Transmitting Equipment
 • Antenna Design Software
 • Antennas: General, Terms, Definitions
 • The Feed Line and the Antenna
 • Receiving Antennas
 • The Dipole Antenna
 • Vertical Antennas
 • Large Loop Antennas
 • Phased Arrays
 • Other Arrays
 • Yagis and Quads
 • Low Band DXing from a Small Garden
 • From Low Band DXing to Contesting

®

ARRL Item No. 8560   
Retail $44.95

Order online at 
www.arrl.org/shop
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For the love of ham radio.

www.icomamerica.com/amateur
insidesales@icomamerica.com

i9700
2M / 70cm / 23cm SDR Transceiver

Direct sampling to the VHF/UHF world.
Built with the VHF/UHF weak signal operator in mind.

i7300
HF / 6M SDR Transceiver

Technology changing our ways.

31550c_2023_CTU_TextBookAd_BW.indd   2 3/13/23   8:12 AM



416

RT4500HD Heavy-Duty Rotator
Enjoy years of flawless operation from this extensively tested, ruggedly 
built, and precision-engineered azimuth positioning rotator made to 
work with most tower-mounted directional antenna systems. Take 
advantage of its superior rotational torque; high vertical load capacity; 
accurate movements; worry-free installation; easy maintenance; 
hardened, all-steel gears and larger main gear for longevity and added 
strength; and weather-protected body. Purchase the rotator separately 
or as a combo with the DX Engineering plated-steel HD Mast Clamp (2" or 
3") plus controller (either the microHAM ARCO or DX Engineering model). 
Also available as a package with rotator and mast clamp only. Enter “RT4500HD" 
at DXEngineering.com. DXE-RT4500HD $2,499.99

Coaxial Cable Assemblies
These low-loss cable assemblies are available in standard lengths with DX Engineering’s revolutionary patented 
PL-259 connector. Use the online Custom Cable Builder at DXEngineering.com to build assemblies made to your 
exact specs. DX Engineering’s coaxial cable is also available by the foot or in bulk spools.  
Enter “DXE Coax Assemblies" at DXEngineering.com. From $26.24

Premier Telescoping Carbon Fiber Masts
When you demand superior long-lasting performance, these high-strength masts make an excellent choice for 
portable and temporary antenna supports. Lighter than aluminum and fiberglass and stiffer than steel of the same 
thickness, these masts feature short section lengths designed for low-cost shipping and easy transport. UV- and 
corrosion-resistant, they include adjustable lever-action clamps that secure the next smaller tube in place and allow 
for fast and simple raising and lowering. Enter “DXE Fiber" at DXEngineering.com.  
DXE-TCFP-24  24', 5 Sections, Collapses to 69" ............................................................................................. $299.99

DXE-TCFP-33 33', 7 Sections, Collapses to 69" ............................................................................................. $469.99

DXE-TCFP-33HD Heavy-Duty 33', 7 Sections, Collapses to 69" ........................................................................ $599.99

DXE-TCFP-49 49', 10 Sections, Collapses to 81" ........................................................................................... $849.99

DX Engineering can supply you with what you need to stay competitive, including advice  
from serious Amateur Operators, access to great gear, and the fastest shipping in the industry. 

Be a Better Ham! Visit Our Blog Daily at OnAllBands.com!

Maxi-Core® 20  
Baluns and Feedline Choke
DX Engineering ushers in an exciting era of upgraded RF 
performance across the 1.8 to 54 MHz frequency range 
with its four Maxi-Core 20 baluns and one feedline 
choke. The Maxi-Core 20 lineup—the culmination 
of years of research and development, equipment 
advancements and extensive testing— handles 
full-legal-power-plus and provides higher common 
mode impedance over the 160 through 6 meter bands. 
More of your signal gets to the antenna and you can 
hear more signals with less noise. Easy installation is 
provided by the optional DX Engineering Mounting 
Plate and Bracket Kit (DXE-MC20K-BRKT) or Wire 
Antenna Balun Mounting Bracket (DXE-WA-BMB).  
Enter “Maxi-Core” at DXEngineering.com.

DXE-MC20-1-1  High CMI 1:1 Current Choke  
   Balun.............................. $125.99
DXE-MC20-FC  High CMI 1:1 Feedline Choke,  
   Line Isolator .................. $139.99
DXE-MC20-1-1T  High CMI 1:1 Current Choke  
   Balun, Tuner Model ...... $124.99
DXE-MC20-C4-1  High CMI 4:1 Current Choke  
   Balun.............................. $147.99
DXE-MC20-V4-1  Low CMI 4:1 Voltage  
   Balun.............................. $124.99

Stay competitive. Get the right parts and blazing-fast shipping. If your order is in by 10 pm Eastern and the parts are in stock,  
DX Engineering will put it on a truck the same day.  Request your catalog and shop online 24 hours a day, 7 days a week at  
DXEngineering.com. Prices subject to change without notice. Please visit DXEngineering.com for current pricing.

800-777-0703 I DXEngineering.com

Ordering (via phone) Country Code: +1
9 am to midnight ET, Monday-Friday 
9 am to 5 pm ET, Weekends
Phone or e-mail Tech Support: 330-572-3200
9 am to 7 pm ET, Monday-Friday 
9 am to 5 pm ET, Saturday 
E-mail Tech: Elmer@DXEngineering.com

Ohio Showroom Hours:
9 am to 5 pm ET, Monday-Saturday

Ohio Curbside Pickup:
9 am to 8 pm ET, Monday-Saturday
9 am to 7 pm ET, Sunday

Nevada Curbside Pickup:
9 am to 7 pm PT, Monday-Sunday

Prices subject to change without notice. Please check DXEngineering.com for current pricing.




