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Agenda

Introduction and background
Basic propagation concepts
Propagation software overview
Propagation model examples

Open discussion & conclusion



Primary Propagation Modes

Ground wave J,\ \ \\\\A(

- AM BC band daytime; HF across town

Space wave

- Point to point (ground not involved)

Sky wave(the focus of this presentation)

- Refraction via the ionosphere

- Makes world-wide

communications possible \

Satellite communications

- Artificial propagation (repeater in the sky)

o




Other Propagation Modes

Back scatter and side scatter
Rain scatter

Tropospheric scatter
Tropospheric ducting

Meteor scatter

Gray line (day - night line)
Aurora

Moon bounce



The Earth and Environs

lonosphere 250 miles

Stratosphere*

* Isothermal region



The lonosphere

F layer Night  Day

90-250 miles _ \

Radiation
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sun

D layer 25-55 miles
E layer 55-90 miles
F| layer 90-155 miles
F; layer < 250 miles



Ole Sol (The Sun)

A massive nuclear furnace which produces the following:

Visible light (what we can see)

« Ultraviolet light (ionizes the F region)

« Soft X-rays (ionizes the E region)

 Hard X-rays (ionizes the D region - RF sponge)

o Solar wind (charged particles that impact the
earth’s magnetic field

« Solar flares & coronal mass ejections ( CMES)

e Sunspots



Close- up View of Actual Sunspot

Taken by NSO Sacramento Peak Vacuum Tower Telescope



Some Propagation Terms

Sunspot number (SN)

- Weighted average of actual sunspots and groupsrepots

Smoothed sunspot number (SSN)

- SN averaged over + and - 6 months (13 months)

Solar flux

- Measurement of solar radio noise at 2800 MHz. 1)

K index (Kp index - planetary)

- A mid latitude geomagnetic index updated every@rh (scale O - 9)

A index (Ap index - planetary)

- A daily measure derived from the K index (scaled@0)



Some General Principals

e Sunspot impact is a long term phenomenon

- Observe months and years, not hours or days

o Geomagnetic activity is more short term
- Hours or even minutes can be very important

e Use the planetary (Kp and Ap indices)

A K Conditions

0 0 Quiet

2 1 Quiet

3 1 Quiet

4 1 Quiet to unsettled
7 2 Unsettled

15 3 Active

27 4 Active

48 5 Minor storm

80 6 Major storm

132 7 Severe storm
208 8 Very major storm
400 9 Very major storm




Smoothed Solar Flux vs. Smoothed Sunspot Number (SSN)
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Propagation Software

(Sample)

Public Domain (Free)

DXLab (PropView V1.3)
HFProp V1.3
WGELPropVv2.7

HamCapV1.4

Commercial

ACE-HF Pro V2.05

DX ToolBox V2.7.1
MultiNEC V2.2.3 (Multi-Prop)
WINnCAP Wizard V4.1



Current Sunspot Cycle (23)



Future Sunspot Cycle Predictions



