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Operating for Success

• Choose Station Equipment for Success
• Optimize Station Performance
• Operating Technique

– Understanding Propagation
– Style of Operation

• Additional Operating Aids
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Choose Station Equipment for Success

–Antennas
–Feedline
–Amplifiers
–Rx Preamps
–Rig
–Computer



Choose the Right Station Equipment for Success

ANTENNAS
• The antenna is the single most important part of your station 

– This is the area that has the greatest latitude for creativity and 
innovation for radio amateur experimenters 

• The best antenna is the one that is mounted as high and in the 
clear as possible.

• HF operation, choose:
– Resonant dipoles, best results at 1/2λabove ground
– Horizontally polarized, multi-band beam antennas - take off angles 

vary by band.   A compromise height is in the range of 65 - 100 feet
– Resonant Verticals: ground plane or ground mounted w/ radial field

• Verticals have a favorable take off angle
• VHF/UHF, choose:

– Vertical antennas for point to point local comm
– Horizontally polarized antennas for weak signal work
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Choose the Right Station Equipment for Success

FEEDLINE
• The feedline is the second most important part of your station

– choose the right feedline for the application
• Feedline loss vs frequency and power handling capability are the important factors 

- READ THE SPEC SHEET
• Should be used as appropriate for:

– Minimizing loss at frequency of use (db loss / 100’)
• Keep runs at VHF/UHF <50 feet , if possible

– Ease of access into shack
– Ease of use / flexibility 

• Stranded center conductor coax is preferred
– Burial rated?

AMPLIFIERS
• For casual HF rag chewing and casual contesting, a 100W transmitter may be 

enough.
• For HF DX and “hard core” contesting, a typical installation would include a 10dB 

(1000W) amp
– note:  a 1500W amp only adds 1.7dB over the 1000W amp

• VHF/ UHF – amplifiers are typically used for weak signal work
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Choose the Right Station Equipment for Success
• Rx Preamps

– Use of preamps starting with the upper HF bands and higher is beneficial.   
Modern HF/6m radios have preamps built in.

– At VHF and above, preamps need to be mounted at the antenna due to feedline 
loss.  This is the case for weak signal work…. VHF/UHF DX, Satellite and EME

• Modern rigs 
– Can be used for any type of operating / mode

• DX modes:  SSB, CW, WSJTx
• Weak signal modes:  CW, WSJTx
• Rag Chewing modes:  AM, SSB, CW, RTTY, PSK31
• Contest modes:  all modes

– Have versatile features such as state-of-the-art noise reduction, wide range band 
scope, touch screen, etc.

– Easy to interface to a computer with a single USB cable
• Computer

– Rig control and audio interface for digital modes
– Logging
– Propagation reports and prediction 
– Signal spotting, reporting and testing 
– QRZ.com

6Computers are an integral part of modern ham stations
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10/6/19

V/UHF
vertical
(attic)

6m
dipole

6m
beam

Discone
75Mhz-3Ghz

FT8900
(SS25)

FLEX 6400/Maestro
[ANT2]
(RS50)

Duplexer
MX-62M

Duplexer
MX-62M

(attic)

R8600
[ANT 1]
(PS30M)

OR
Tytera 
MD380

IC-9700
[144 Mhz ANT]

(PS30M)

2m
beam

2m
omni

TH-9000D 440
(SS25)

IC-9700
[1200 Mhz ANT]

(PS30M)

GP95
144/440/1200

RG
8X

RG
8X

CX
P1

31
8F

X 
/  

RG
58

 
(3

2’
)

LM
R6

00
 (4

0’
)  

/  
LM

R4
00

U
F 

(1
5‘

) LM
R4

00
U

F

LM
R4

00
U

F

99
13

LM
R2

40
U

F 
ju

m
pe

r

RG
8X

ju
m

pe
r

RG
8X

 
(1

0’
)

1.6-56140-470

Duplexer
MX-37

900-1300 1.6-470

IC-9700
[440 Mhz ANT]

(PS30M)

432
omni

LM
R2

40
U

F 
ju

m
pe

r
99

13

Duplexer
CF-4160N

(attic)

Duplexer
CF-4160J

1.3-170350-540

99
13

FTM100D
(SS25)

Vertical dipole
440MHz

140-470 1.6-56 350-540 1.3-170

Make a record of your setup



Optimize Station Performance

• Essential test equipment
• Adjust / Evaluate  Audio performance
• Evaluate RF performance
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Essential Test Equipment

• Wattmeter / SWR meter
• Most  modern rigs have Pout and SWR measuring capability

– Some rigs can measure both at the same time
• Amps generally have Pout capability and maybe SWR / Pref meters
• Antenna tuners may have one or both
• An external watt meter/SWR meter is an important station 

accessory 
– General good practice:

• Continuously monitor Pout and SWR / Pref at the end of the RF 
chain to detect any real time anomalies

RIG AMP TUNER WATT
METER feedline

measure here 9
Bird 43 watt meter



W2ZQ power meters

Amp Po = 200W
Tuner Po = 200W

Tuner Pref (SWR) = 0W (1:1)
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The wattmeter, in the tuner, is at the end of the RF chain



Essential Test Equipment

• Dummy Load
– The second most useful piece of test equipment
– Useful for troubleshooting

• Pout from rig / amp?
• Transmission line good? / transmission line loss

• Antenna Analyzer / (VNA)
– Sweep / tune an antenna – makes this much easier to do than 

using a power/swr meter
– Measure SWR
– Check coax for loss
– DVRA has an MFJ 259 analyzer available for use by club 

members
• FYI - an antenna analyzer is a one port VNA
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Proper Adjustment of Power Amp

• Power amp adjustment
– Station monitor scope or an oscilloscope, can be 

used to:
• Check modulation for flat topping
• Check linearity

– For lack of measurement capabilities:  use ALC 
feedback to avoid running the amp into gain 
compression or saturation, causing distortion and 
spurious emissions.
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Adjust Audio Settings
• Set up microphone gain, ALC and compression 

settings per your radio’s user manual 
– If controls are available, set tx audio equalization 

profile per microphone vendor suggestions / online 
info

• For digital modes, audio levels are adjusted from 
the sound card controls.  
– As a rule of thumb, increase the sound card’s audio 

output to the point where the RF output power no 
longer increases, then back off a little below that 
point.
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A proper audio setup will avoid distortion and splatter (IMD)



The Good and the Bad
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Part 97.307 (b)  Emissions outside the necessary bandwidth must 
not cause splatter ….. to operations on adjacent frequencies.



Evaluate Audio Performance

• Use monitor function on radio (good)
– Good for self-monitoring in all modes

• Use a separate receiver to monitor your signal 
(better)

• Solicit on air evaluation (best)
– A nearby ham who “knows” your voice
– Call CQ
– Join a net
– Listen to, view and record your signal from an online 

SDR, i.e. kiwisdr.com, websdr.org
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Use an online SDR to monitor your signal
Others uses:
– Receive outside your skip zone
– Receive from a less noisy location

16KiwiSDR: 3.77 – 4.0 MHz, SSB signals



Evaluate RF Performance

• Evaluate your signal strength with: 
– Reverse Beacon Network (CW)
– PSK Reporter (digital modes)
– Online SDRs
– Other operators

• Additional testing can include evaluating 
signal strength with: 
– different antennas
– varying power levels 
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Reverse Beacon Network

• Called CQ CQ de K3EA 2x on 10m, around 1030am EST
• Received 10 “hits”:  graphical and data info
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Reverse Beacon Network

• Called CQ CQ de K3EA 2x
• Received 10 “hits”:  Rx station (spotter), signal report, distance
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PSK reporter – digital mode

Stations  w /time and sig reports that decoded K3EA after 9 
transmissions for QSO with Greece, 10m FT8 20



Operating Technique
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Choose band, power, mode based on:
• Propagation 
• Style of Operating



Propagation

• Understanding Propagation
• Propagation depends on the solar cycle and daily changes in solar 

activity
– Basic info on solar indices
– WM7D, Spaceweather websites, etc

• Weak signal digital modes may offer success during solar cycle 
minimums

• Choose band for most success
– Low bands at night (30, 40, 80, 160mm)

» Seasonal noise may limit operation – lower frequencies (esp. 80 and 
160) are noisy in summer

– High bands during daylight (10 thru 20m)
» What is MUF?

– Understanding Grey Line
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Key solar indices and what they mean

• SFI – Solar Flux Index:  daily 10.7 cm solar flux, range:  65 to 350 
• SN – daily sunspot number, range: 0 to 450 
• K index – 3-hr index:  activity of the Earth’s magnetic field, 

range: 0 to 9;  0 is quiet, 9 is extremely disturbed
• A index – daily index:  average of eight 3-hr K indices, range: 0 

to 400;  0 is quiet, 400 is extremely disturbed

• High SN and SFI over a long period (several weeks) supports 
propagation on the higher bands - above 15m, need SFI>100 
and SN >70

• Spikes in the K index >3 indicate a higher probability of 
geomagnetic disturbances that affect propagation negatively 
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Key Solar Indices and Space Weather Forecast

24
wm7d.net/hamradio/solar/



https://www.hamqsl.com/
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High SFI and SN = better propagation at higher bands
Low A and K index = lower chance of geomagnetic storms

Solar Data and 
Propagation Predictions



MUF Map  prop.kc2g.com
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Understanding Greyline
• Generally propagation on:

– The low bands (1.8 through 10 MHz) exhibit best long-distance propagation 
from just before sunset, through darkness, to just after sunrise. 

– The high bands (14 through 28 MHz) tend to open near sunrise, stay open 
throughout the day, and close after darkness.

GREYLINE: 
• Along the terminator, (the “twilight zone”) the MUF is rising rapidly on the 

sunrise side and is still high on the sunset side of the earth.
• With suitable ionospheric conditions,  stations along the terminator can 

communicate with any other station along the terminator:
– for a period of a few minutes on the low and high frequencies (160 and 10m) 

to..
– one or two hours at intermediate frequencies (20m)

• The position of the terminator will change with the seasons, allowing 
access to different parts of the world throughout the year.
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Simons World Map
https://www.sdr-radio.com/simon-s-world-map-v1-1

Terminator shown is just after sunset on East Coast USA and just after sunrise in Japan

28



Online Propagation Tools

• Target areas by using the following:
– VOACAP, online propagation prediction
– PSK Reporter, digital mode and CW reporting
– Reverse Beacon Network, CW skimmer reporting
– DX Clusters/spotting networks: DX Watch, DX summit, etc.

• Mostly DX
• also: QSO parties, Special Events, POTA

– HamAlert, DX Alert: online apps that use DX clusters, PSK 
Reporter, RBN, POTA, SOTA

– WSPR, low power beacon reporting
– 10m and 6m beacons

• beacons transmit in CW
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Propagation prediction from E. Coast to Sydney

30

voacap.com/hf



• Vertical axis is probability of success (reliability %)
• Horizontal axis is time in UTC
• Graph lines are color coded by band 31

voacap.com - propagation 
prediction: E.Coast to Sydney



PSK Reporter

Selection is 10m CW sent/rx by anyone in the last 15 minutes
32



Spotting Network example - dxwatch.com
filtered for Africa, Oceania, Asia spotted by N. American stations

33filters are versatile:  band(s), modes(s), location, etc



34

smart 
phone
alerts -->

HAM ALERT online app

setup menu



wsprnet.org beacon network
10 minutes of data on 30m
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10m, 6m beacons
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Style of Operating

• Ragchewing
• Contesting
• Dx-ing
• Cadence
• Other Modes
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Style of Operating – Rag Chewing

– Rag chewing
• Majority of extended conversations will be with US or 

EU Amateurs.  
– Propagation at these distances can be attained almost any 

time of day....... 40 and 80m at night, 20 m during the day

• Any mode can be used for rag chewing:
– SSB / Voice, digital voice
– CW
– Digital conversational modes:  PSK31, RTTY,  JS8Call, etc
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Style of Operating - Contesting

– Comprehensive contest info can be found at 
contestcalendar.com

– Evaluate mode and your capabilities
• Do I have the equipment, software, etc?

– Understand the scoring system and the contest 
exchange

– Casual or competitive
• Keep a log and submit your contacts – N1MM and 

N3FJP are the most popular logging programs
– As before, choose bands for most success
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Style of Operating - DXing

– CW and some digital modes are good weak signal 
modes

– Where is the band open?
• Beacons / MUF
• Spotting Networks – Dxwatch, DX Summit, etc
• Ham Alert

– Keep track of your contacts/confirmations
• Logging program – too many to list

– Popular logging programs tie into spotting networks and keep 
track of states, countries, grid squares, zones needed for awards

• LOTW
• Club Log
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Style of Operating - Cadence

Determine the cadence or rhythm of the intended operation:
• Always listen first
• DX - may have instructions:  up 5, by call area, NA only, etc

– may only want 59 report and 73
– look up the “DX Code of Conduct”

• Contest – look at rules on line, contestcalendar.com
– bands/modes
– hours & limit on hours
– exchange
– entry category:  single op, multi-op, multi transmitter, QRP, etc
– multipliers
– log submittal requirements
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Other Types of Operating

– VHF / UHF
• Tropospheric ducting Hepburn Maps

– Learn more at:  
» https://3fs.net.au/tropospheric-propagation/
» https://www.dxinfocentre.com/propagation/tr-

modes.htm

• 6m tropo & sporadic-E propagation, DX Maps 
• Weak signal modes – FT8

– 6m meteor scatter – MSK144
– WSPR beacon, any band
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Hepburn Maps for tropospheric 
VHF/UHF ducting
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dxmaps.com– alerts and maps
6 meter activity on 1/15/23
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K3EA - WSPR beacon

• WSPR is one of the WSJT-X suite of programs
• Most stations are low power, <1W
• 20 meters, one hour of data from Eastern PA 45



Try a new band, mode, activity, etc:
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Additional Operating Aids

– DXCC/WAZ wall map
– DXCC/Beam Heading list
– CQ Worked All Zone (WAZ) list 
– WAS map
– Grid Square map
– Band plan

These are essential aids at the operating position
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CQ Zones are shown in red 48



DXCC Country List / Beam Headings 
Created at - http://ok2pbq.host.sk 

Headings centered on FN10ng : Latitude 40.27N Longitude 76.88W 

Prefix Country 
Short 
Path 

Long 
Path 

Miles 
Lati- 
tude 

Longi- 
tude 

Conti- 
nent 

QTH 
Locator 

1A Sov. Mil. Order of Malta 57 237 4440 41N 12E EU JN61aa 

1S Spratly Is. 350 170 9074 8N 111E AS OJ58ma 

3A Monaco 57 237 4148 43N 7E EU JN33ma 

3B6, 7 Agalega & St. Brandon Is. 67 247 8893 10S 56E AF LI80aa 

3B8 Mauritius 77 257 9399 20S 57E AF LH80ma 

3B9 Rodriguez I. 70 250 9659 19S 63E AF MH11ma 

3C Equatorial Guinea 92 272 5963 1N 9E AF JJ41ma 

3C0 Annobon I. 96 276 5842 1S 5E AF JI29ma 

3D2 Fiji 265 85 7809 18S 178E OC RH92aa 

3D2 Conway Reef 265 85 8142 21S 174E OC RG79aa 

3D2 Rotuma I. 271 91 7607 12S 177E OC RH88ma 

3DA Swaziland 100 280 8272 26S 31E AF KG54ma 

3V Tunisia 63 243 4535 36N 10E AF JM56aa 

3W, XV Vietnam 356 176 8968 10N 106E AS OK30aa 

3X Guinea 100 280 4451 9N 13W AF IJ39ma 

3Y Bouvet 140 320 8049 54S 3E AF JD16ma 

3Y Peter I I. 185 5 7520 68S 90W SA EC52aa 

4J, 4K Azerbaijan 38 218 5936 40N 49E AS LN40ma 

4L Georgia 41 221 5714 41N 44E AS LN21aa 

4O Montenegro 53 233 4704 42N 19E EU JN92ma 

4S Sri Lanka 31 211 8837 7N 79E AS MJ97ma 

4U_ITU ITU HQ 54 234 4008 46N 6E EU JN36aa 

4U_UN United Nations HQ 96 276 153 40N 74W NA FN30aa 

4W Timor - Leste 323 143 9842 8S 125E OC PI22ma 

4X, 4Z Israel 53 233 5871 31N 35E AS KM71ma 

5A Libya 65 245 4786 32N 12E AF JM62aa 

5B, C4, P3 Cyprus 51 231 5595 35N 33E AS KM65ma 

5H-5I Tanzania 78 258 7896 7S 39E AF KI93ma 
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Operate W2ZQ – a variety of modes and operating styles can 
be utilized with an already optimized station


