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The ionosphere giveth,

and the ionosphere taketh away.

Presentation Goals:



What we will Cover:



Propagation Modes

Ground Wave SKY Wave Direct Wave

Duct/Chordal Hop NVIS

Short Path Long Path GrayLine

Communications possible over thousands of miles

Highly Variable – Daily, Seasonal and Solar 11y Cycles



Ground Waves



Direct Waves - i.e. Line of Sight



Sky Wave – The Long Range Mode

• Made possible by Ionosphere



The Ionosphere

• In simple terms, it reflects (more accurately, refracts) the radio waves

• Free Electrons

• Created by ionization by the Sun (EUV)

• Reflects, Bends and Attenuates HF radio waves

• Mostly transparent above VHF



Layer Formations

Note:



The D-Layer – The Sponge



The E-Layer – the Leaky Mirror



The F-Layer – the DX Mirror

• Most important & highest electron density layer(s) 



Critical Frequency and Angle
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E

Skip



MUF – Maximum Usable Frequency

The "best" frequency for DX is almost 

always 80% to 90% of the current MUF



LUF and Propagation Window

Prop   Window



Hop Geometry



Hop Signal Loss



MUF Map

https://prop.kc2g.com/

40m



The Sun – Ionosphere Activator

Solar Max Solar Min



Sunspots and Critical Frequency



Solar Cycle Extremes

SUNSPOT MAXIMUM CONDITIONS SUNSPOT MINIMUM CONDITIONS



Solar Eruptions & Storms



The Bad Sun: Solar Storms

Courtesy NASA



SPE - Solar Proton Events



High-Speed Solar Wind - Wind vs. The Storm



Understanding Solar Data

GOOD

BAD
UGLY

UGLY

UGLY
GOOD

GOOD



Good: SSN, SFI

• SSN: A weighted count of dark spots on the Sun

• SFI: solar RF output at 10.7 cm (2800 MHz)



More Good: EUV and Electron Flux

Electron Flux

EUV Radiation - 304Å Solar Flux (mW/m2)



The Bad: Kp (K), Ap (A)



The Ugly: Flux X-rays

• X-class → major flare (serious radio impact) – Sunny side HF RIP



The Ugly: Proton Flux

• 100+ pfu → Serious degradation, especially on polar paths



The Ugly: Solar Wind - Aurora



How to Read It All Together



The Bands Have not Been Very Giving Lately… Why?

Snapshot Symptoms:

Analysis:



The Bands Will Recover Soon

Short Term Prediction NOAA/SWPC:

~6-7 year Low



Sky Wave Propagation Modes

SKY Wave

Duct/Chordal Hop NVIS

Short Path Long Path GrayLine

Sporadic E TME



Short Path and Long Path



It’s the temporary condition where D-layer absorption collapses while the F2-layer 
supports propagation!

Sunrise

Sunset

D-Layer

E-Layer

F2-Layer

F1-Layer

F-Layer

Gray Line Propagation Is Real - And Powerful



Gray-Line -Terminator Thru the Year

 Because of Earth’s ecliptic tilt, Gray-Line is not static!

JAN/DECJUN

JAN/DEC JUN



Monthly Gray-Line Targets: NC



Gray-Line by the Band

Band Gray-Line Particulars

160m Briefest twilight peaks – 5-30min. EU and AF may peak long before sunrise. Unpredictability is the rule on 160.

80m ~30 min openings. Signals from the west strengthen at first light, peak at sunrise. Long path propagation also 
appears, but with shorter peaks—often just 5–7 minutes. Sometimes you hear DX echo.

40m The peak lasts about 30 minutes, followed by a slow decline. Best conditions occur ~half an hour after sunrise. 
Long path openings to central Asia from October through March.

30m+ Grey-line-type effects can still influence higher-frequency signals. The outcome is a higher-frequency 
counterpart to the classic grey-line enhancement observed on lower bands. Spills out on sunny side!

10m
In the eastern U.S., the band typically opens toward the southeast around sunrise, then swings toward Europe 
and western Asia within 15–20 minutes. The first two hours after sunrise are usually the prime window for 
central Asia. Spring and fall often bring long path openings toward the Far East and the South China Sea. 
Spills out on sunny side!

Gray-Line enhances probability rather than predicting certainty!

It offers a window of opportunity rather than a deterministic target!



Ducting and Chordal Hop



TEP - Trans Equatorial Propagation



NVIS and Sporadic E Propagation



Daily Propagation Phenomena



Seasonal Propagation Phenomena

* Solar cycle dependent



Band Propagation Personalities

Band Group Daytime Behavior Nighttime Behavior Primary Mechanism

160m - 80m
D-Layer: DX Sky Wave signals fully 
absorbed.

Global DX: Absorption lifts; long-haul 
opens.

Nighttime F-Layer.

40m - 30m
NVIS / Regional: Best for 0-600 
miles.

Worldwide: Becomes a global DX engine. Day NVIS / Night F-Layer.

20m - 17m
Mainstay DX: Open global paths 
daily.

Twilight Fading: Diminishes shortly after 
sunset.

Persistent  F-Layers. 

15m - 10m Variable: Wide open in Solar Max. Closed: No ionization support at night. Solar Flux & Sporadic E.



Fading (QSB) Events

Selective Fading Absorption Fading Skip Fading

Auroral Fading

Fading: Unwanted Signal Strength Variation

Polarization



Band Identities
Band The "Personality" Prime Character

160m The Top Band Nocturnal, requires massive backyard real estate.

80m The Ragchew Band
Social community hub; noisy in summer, great for night nets. DX is earned 
not given.

40m The DX Workhorse
Best day/night balance; regional daytime, global at night. A workhorse 
band—if you can’t DX on 40, fix your station.

30m CW Sanctuary
Stable WARC band; no contests, polite, always open somewhere. 
Excellent propagation, low noise. No SSB.

20m King of DX
The international mainstay; busy, predictable, and global. All-day 
worldwide DX.

17m Gentleman's DX
Relaxed high-quality DX; solar dependent, contest-free. Lower noise, 
strong signals.

15m Daytime Performer
High speed/energy; massive signals during solar maximums. Lower noise, 
strong signals.

12m The Quiet DXer
Fast, clean openings; similar to 10m but less crowded. Strong signals, 
simple antennas.

10m High Octane
Massive skip, tiny antennas, Sporadic E, and high energy. When 10 opens, 
it really opens.



Propagation Tools
VOCAP - www.voacap.com/hf/

PSKReporter - pskreporter.info/pskmap.html

DXMaps - www.dxmaps.com

DXHeat - www.dxheat.com/dxc/ 

KC2G - prop.kc2g.com/hfprop/planner



VOACAP Online Propagation Tool



KC2G Propagation Tool – My Favorite



…Sleep DX-ing is Not a Thing…

https://cars-nc.org/the_dxer_secret_weapon.html

Propagation Windows
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Finally…
Propagation prediction is forecasting, not certainty!

Even great stations cannot overcome bad propagation

The bands are never dead - just severely misunderstood

MUF sets the ceiling, LUF sets the floor

Polar Paths Are Fragile - Auroral activity destroys polar propagation

Long-path can outperform short-path - Especially near Gray-line

Morning Often Beats Evening - Operator wisdom

Be on the air at the right time



Thank you

Christopher S. Krstanovic, Ph.D

ai2f@NovaLab.org

www.CARS-NC.org

Questions?


