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Fig. 10 — Typical daytime propagation of high frequencies (14 to 28 MHz). The waves are partially
bent in going through the E and F1 layers, but not enough to be returned to earth. The actual
reflection is from the F2 layer.

Refraction and reflection of HF radio waves, from The ARRL Antenna Book.









The four distinct
regions of the

Ionosphere are
labeled D, E,
F1, and F2.

D
E

F1
F2



At night, the D layer
dissapears and E becomes
very weak since they can't
stay ionized very long.

Also, F1 and F2 combine to create a
single layer. Lower frequencies are
now useful since the D layer is no
longer there to absorb them. This is
why you can hear AM radio stations
from all over the country at night.



The lonosphere is made up of several layers at varying

heights above the ground:

The lowest level is the D Layer (37 to 56 miles), which does not contribute to
propagation, but actually works against world wide reception

by absorbing most of the energy in the transmitted wave.

The dominant gases in the D layer are Nitric Oxide and Hydrogen,

which is forced to emit ultra-violet and infra red emissions during the
daytime hours. lonization is mainly by hard X rays

These gases cannot hold ionization very long, hence, the D layer
disappears rapidly after local sunset.

The E layer (56 to 75 miles) sometimes can produce sporadic

HF propagation due to soft X ray emission and ultra-violet stimulation of
Molecular oxygen (02). Sporadic E propagation is still not well understood
and still is being investigated by planetary science.

The F1 and F2 layers (75 to 320 miles) are the layers that most contribute
to HF propagation. Dominant gases are Hydrogen and Helium, with

trace components of Neon, Argon, Xenon, and Krypton.

At night, the two layers merge and form a single F layer.

lonization is mostly via solar UV emission.
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Specific ionization conditions vary greatly between day (left) and night (right),
causing radio waves to reflect off different layers of the ionosphere or transmit
through them, depending upon their frequency and their angle of transmission.
Under certain conditions of location, ionization, frequency, and angle, multiple
“skips,” or reflections between ionosphere and Earth, are possible. At night, with

no intervening layers of the ionosphere present, reflection off the F layer can yield
extremely long transmission ranges



Grey Line Map

The grey line is a band around the Earth that separates the daylight from
darkness. Radio propagation along the grey line is very efficient. One major
reason for this is that the D layer, which absorbs HF signals, disappears rapidly on
the sunset side of the grey line, and it has not yet built upon the sunrise

side. Ham radio operators and shortwave listeners can optimize long distance
communications to various areas of the world by monitoring this area as it moves
around the globe. This map shows the current position of the grey line terminator
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Observation of Solar Weather From Earth

* SOHO - The Solar &
Heliospheric Observatory 1995

* SDO - THe Solar Dynamics
Observatory 2010



SOHO, the Solar and Heliospheric Observatory, is a project of international
cooperation between ESA and NASA to study the Sun, from its deep core to the
outer corona, and the solar wind.

Together with ESA’s Cluster mission, SOHO is studying the Sun-Earth interaction
from different perspectives.

SOHO'’s easily accessible, spectacular data and basic science results have captured
the imagination of the space science community and the general public alike.
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SOHO is operated from NASA’s Goddard Space Flight Center (GSFC) near
Washington. There an integrated team of scientists and engineers from NASA,
partner industries, research laboratories and universities works under the overall
responsibility of ESA. Ground control is provided via NASA’s Deep Space Network
antennae, located at Goldstone (California), Canberra (Australia), and Madrid
(Spain).

SOLSTICEB



http://upload.wikimedia.org/wikipedia/commons/8/88/SORCE_line-drawing.gif
http://upload.wikimedia.org/wikipedia/commons/8/88/SORCE_line-drawing.gif

SOHO, the Solar & Heliospheric Observatory, is a project of international
collaboration between ESA and NASA to study the Sun from its deep core to the
outer corona and the solar wind.

SOHO was launched on December 2, 1995. The SOHO spacecraft was built in
Europe by an industry team led by prime contractor Matra Marconi Space (now
EADS Astrium) under overall management by ESA. The twelve instruments on
board SOHO were provided by European and American scientists. Nine of the
international instrument consortia are led by European Principal Investigators
(PI's), three by PI's from the US. Large engineering teams and more than 200
co-investigators from many institutions supported the Pl's in the development
of the instruments and in the preparation of their operations and data analysis.
NASA was responsible for the launch and is now responsible for mission
operations. Large radio dishes around the world which form NASA's Deep
Space Network are used for data downlink and commanding. Mission control is
based at Goddard Space Flight Center in Maryland.
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How Big is SOHO ?

SOHO is almost as tall
as a one-story house.

With the solar array deployed SOHO is 9.5 meters wide. Bigger than a large school bus!




SOHO

Solar and Heliospheric Observatory

Since its launch on 2 December 1995, SOHO - a project of international cooperation
between ESA and NASA - has revolutionized our understanding of the Sun,

In an orbit 1.5 million kilometers from Earth it has provided the first images of
structures and flows below the Sun’s surface and of activity on its far side . It has
revealed the Sun’s extremely dynamic atmosphere, provided evidence for upward
transfer of magnetic energy from the surface to the corona through a “magnetic carpet”,
and identified the source regions of the fast solar wind.

It has revolutionized our understanding of solar-terrestrial relations and dramatically
Iimproved our space weather forecasting capabilities by providing a continuous stream
of images covering the dynamic atmosphere, extended corona, and activity on the far side
of the Sun.

Wustration by Alex Lutkus
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Solar Dynamics Observatory
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NOAA / Space Weather Prediction Center
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Our Sun has a 11 year cycle during which its activities increase
and decrease progressively. Each cycle is different, meaning
that sometimes we get great ones, sometimes weak ones.
These cycles have a direct influence on these propagation
condition reports.

The quintessential event in a solar cycle is the number of sun
spots seen on its surface.

The number of spots on our Sun predicts the number of solar
flares that may occur, which in return will generate all sorts of
measurements that are very useful in understanding and most
importantly, predicting radio signals propagation.

A propagation condition report is similar to a weather report
but give information relative to the Sun’s weather and it will
affect radio signal propagation conditions back here on

earth. Most reports use terminological terms such as SFl, SN,
N, K, A. What do they mean?



The 11 year Solar Cycle is graphed
on the right for the last 25 years.
During peaks in the sunspot
numbers ewven very low-power
stations can often be heard around
the world. Sunspot numbers can
also vary on 27 day cycles due to
the rotation of the sun.

Of course the tilting of the Earth on it's axis (which causes our
Seasons) affects propagation, too, as well as the time of day.
As a very general rule of thumb, frequencies above 10 MHz are
useful during the day and below that are good at night.
Predicting the actual Maximum Usuable Frequency is an art and
a science and depends on many factors.




Solar-Terrestrial Data Albert Einstein said ...
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SFl index:

Solar Flux Index ; it is a gauge of how much solar particles and magnetic fields
reaching our atmosphere. In other words, this value informs us on solar winds
reaching our planet and their influence on creating HF propagations
conditions. For this measurement, the higher the number, the better HF
propagation should be. The index value also suggest propagation on bands
between 10 meter and 20 meter (ie: 10m,12m,15m,17m,20m). It has a scale
between 30 and 300, and can be interpreted as follow:

< 70: propagation potentially bad.

80-90: propagation potentially are somewhat low

90-100: propagation tend to be average

100-150: propagation will tend to be good

>150: propagation will tend to be ideal

High SFI values has almost no influence on 30m,40m,80m and 160m bands. SFI
value over 150 indicates ideal HF propagation conditions and people with
small HF installations can begin exploiting these conditions. At these high SFI
values, you might consider stopping what you are doing and take advantage of
these conditions while they last because they are far and few between. It
might be here today, gone tomorrow.



SN:

Sunspot Numbers: This value is the visible number
of spots on the Sun’s surface. Traditionally, the
higher the number, the better the ionization of our
atmosphere which will help create great HF
propagation conditions. The range of SN can be
between 0 and up to 250, sometimes more. It is
somewhat rare that we see over 200 sun spots, and
when we do, it might be an ideal time to turn on
your Transceiver!
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High SN numbers indicate large amounts of @b Peklion
electromagnetic active fields on the surface of _— ‘\,\\\
the Sun, potentially erupting as solar flares, but s N

before they erupt into solar flares, they can £ . . 3 5?..
create excellent HF propagation. If Sun spots ‘ Equm%
turn into flares, this can diminish substantially K’ - Iy
HF propagation, even create total radio \ oo N 37/
blackouts on all bands. Also, knowing that the - P

Sun’s equator rotates on itself, the Sun spots and s il
its fields may or may not be facing us at all
times. This said, radio propagation conditions < 50: propagation conditions
could become excellent for a few days, then potentially very bad

down until the Sun rotate those spots back 50-75: propagation conditions

. . attenuated
toward us again, which is between 18-25 days 75-100: propagation

Iate.r. conditions might be good

So, if you see SN numbers over 100, you can 100-150: propagation
expect good propagation conditions, if and conditions should be ideal
when these spots are facing us. >150: propagation conditions

possibly exceptional



The K-Index (or Boulder K) is a gauge of
geomagnetic activity relative to an assumed
quiet-day. Falling numbers mean improving
conditions and better propagation
particularly in northern latitudes and areas
where aurora activity can occur. The scale is
between 0 and 9. You never want to see
value above 8 because this indicates our
planet going thru a solar storm of great
intensity. This value can be interpreted as
follow:

From O to 1: Best conditions for
10,12,15,17,20 meter bands.

From 2 to 3: Good conditions for
10,12,15,17,20 meter bands.

From 4 to 5: average conditions for
10,12,15,17,20 meter bands.

From 5 to 9: Very bad conditions for
10,12,15,17,20 meter bands.
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The A Index:

It’s simply an index of geomagnetic activity
derived from a scaled average of the
previous 24 hours K-index readings. Your

Solar-Terre°tr1a1 Data

should use this as a reference for general ‘:/;;.12 ”tdg[
conditions on the bands. Lower A index ol
means better conditions for propagation. aur e CBRRE
This scare goes between 0 and 400, but an Esc

2n EsNA

typically never above 100. This value BE Dex Vory Pae
should be interpreted as follow: i B

Sig Noise Lvl
HUF US Boulder “5 4?

Between 1 and 5: Best conditions on " Cutrracit, Salar Tosgs
10,12,15,17,20 meter bands.

Between 6 and 9: Average conditions on
10,12,15,17,20 meter bands.

From 10 and above: Very Bad conditions on
10,12,15,17,20 meter bands.




X-Ray: NOAA reported value from A0.0 to X9.9.

Intensity of hard x-rays hitting the earth’s 5_;?;;{;;;;?;;;; Dot
ionosphere. Impacts primarily the D-layer (HF T N
absorption). The letter indicates the order of __——k
maghnitude of the X-rays (A, B, C, M and X), where A is LE KL
° E:Z: ] - P lr, ‘J¢ ¥
the lowest. The number further defines the level of ““HF Condition
e ae . . . Band Day HNight
radiation. Updated eight times daily. gon-46n  Fair Good
17n-15n
12n-16n
VYHF Conditions
Aur Lat 63.9°
Aurora
6n EsEU
e
304A: NOAA reported value from 0 to unknown. En.CShA. g (o
Relative strength of total solar radiation at a v ——
wavelength of 304 angstroms (or 30.4 nm), emitted E?JE%__FietdlI ,
. . . . . . 1g Noise Lv g
primarily by ionized helium in the sun’s photosphere. WUF US Boulder 25.42

Current Solar Inage

Two measurements are available for this parameter,
one measured by the Solar Dynamics Observatory,
using the EVE instrument, and the other, using data
from the SOHO satellite, using its SEM instrument.
Responsible for about half of all the ionization of the
F layer in the ionosphere. 304A does loosely correlate
to SFI. Updated hourly

Copyright Paul L Herrman 2012



Solar-Terrestrial Data

Ptn FIx: NOAA reported value from 0 to unknown. Density

of charged protons in the solar wind. The higher the ST i S
numbers, the more the impact the ionosphere. Primarily \ H 2 %:6?'— o
impacts the E-Layer of the ionosphere. Updated hourly. ‘ 5,24

EV Day HNight
fon-46n Fair Good

Elc FIx: NOAA reported value from 0 to unknown. Density pon-2in, ] oa
. . . 12n-16n
of charged electrons in the solar wind. The higher the _VHF Conditions
numbers (>1000), the more the impact the ionosphere. o
. . . . 4n EsEU
Primarily impacts the E-Layer of the ionosphere. Updated 2n ESEU

EHE Deg ‘ery Poor

rur E——
HS o i

hourly

o "8 12
RN

Geonag Field INA 3
Sig Noise Lvl S58-51
HUF US Boulder 25.42

Current Solar Inage

N: NOAA reported value from 0 to 5. When <2.0, high
confidence in Aurora measurement. When >2, low
confidence. Updated hourly.
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Bz — Bz Component

Value from +50 to -50. Strength and direction of
the interplanetary magnetic field as impacted

by solar activity. Positive is same direction as ey | :

the earth's magnetic field, and negative is the

opposite magnetic polarity. Cancels out earth’s
magnetic field when negative, which increases
the impact of solar particles in the ionosphere.

SW = Solar Wind

Value from 0 to 1000. Speed (kilometers per
second) of the charged particles as they pass
earth. The higher the speed, the greater the
pressure is exerted on the ionosphere. Values
greater than 500 km/sec have impact on HF
communications. Updated hourly.
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Aur Lat — Auroral Latitude

Reports Band Closed for No/Low Auroral activity, High
LAT AUR for Auroral activity >60°N, or MID LAT AUR
for Auroral activity from 60° to 30°N. Updated every 7>
hour.

EME Deg - Earth-Moon-Earth Degradation
Reports EME path attenuation as Very Poor
(>5.5dB), Poor (4dB), Moderate (2.5dB), Good
(1.5dB), Very Good (1dB), Excellent (<1dB). Updated
every % hour.

MUF — Maximum Useable Frequency
Provides the Maximum Usable Frequency in a
colored bar. Gray indicates No Sporadic E (ES)
activity , blue indicates ES reported @ 6M, green
indicates ES reported @ 4M, yellow indicates
conditions support 2M ES, and red indicates
reported @ 2M. Updated every % hour.
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MS - Meteor Scatter Bar

Provides the Meteor Scatter activity in a colored bar. 22 Hep Bt> Taw S
A: 4 K:0

Gray indicates no activity. See the color coded graph
at the bottom of the bar for activity level. Updated
every 1/4 hour

HF Condltlons
EV Day HNight
80n-40n Fair Good

Geomag Field = Geomagnetic Field Inion Fair Fair
Indicates how quiet or active the earth's m.: VL*;{ Conditlans
maghnetic field is based on the K-Index value. EEEEH

Reports as Inactive, Very Quite, Quiet, Unsettled, enEeEy

Active, Minor Storm, Major Storm, Severe ot T2 il
Storm, or Extreme Storm. Higher indications can\

Geonag Field IN

cause HF blackouts and auroral events. Updated e
every three hours Current Solar Inage

Sig Noise Lvi

Indicates how much noise (in S-units) is being
generated by interaction between the solar
wind and the geomagnetic activity. A more .
active and disturbed solar wind, the greater

the noise. Updated every % hour.




Cheat Sheet For The Tool

SFI Solar Flare Index- Higher Better - 90 — 100 Average —
Over 150 Ideal

SN Sunspot Number- Higher Better — 75 — 100 Average-
150 Good

A Index — 24 Hr. Avg. K - Lower Better — 6-9 Avg — 1-5 Good

K Index (Boulder K) - Lower Better — 4-5 Avg — 1-5 Best

X-Ray - D Layer Density — A Lowest — X Highest

304A - F layer lonization (Same as SFl) — Higher Better

PTN FLX — E Layer Density — Higher Better

ELCFLX - E Layer Density — Higher Better

Aurora — Confidence In Aurora Measurements 1-5 Higher
Better

22 Sep 2012 2338 GHT
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Glossary of terms for the data available in the NONEH solar hanners (€ Paul L Herrman 2012)

"ITEM
SFI

ELEMENT
Holar Flha
T e

DESCRIFPTION

| DRAO Fenticton tepotrted value from 62.5 to 300, Intensity of solar radiat on measured o

28000Hz (107 cr). Goodindication of the F layer iorization Qagyer that givesusmost of
o D on HF). The ki gher the mumber, the greater the lewel of iomization is and the higher
the frecquency. Measuredtlwee times daly, and the last received walue is reported.

aH

Sunspot
Munber

HO&AA reported walue from 0 to 250, Daly Sunspot Humber provded by HOAS 15
cothputeduaing a Formla [R=k (10z+4)] by Budolph Wolf in 1248, where Risthe sunspot
nnbet; g 18 the munber of sunspot groups on the sola disk; sisthe total mamber of
individual spots it all the grogps; and K iz a variable seding Factor (umaaly < 1) that
accoants for oheerving conditions and the type of observing device, 31 does loosely
cotrelate to 3FI. Updated once daily.

Planetary &
Index

MO&A reported walue from 0 to 400, Provides a daily average lewel for geomagnetic
activity. Usesthe averaze of dght 3 how K-Index walues (magnetic value measwed in
natwtesla or 0nT) to provide the level of instability in the earth’s geomagnetic field. When
uzedwith K-Index: Bothhighindicates geomagnetic field is wistable, and HF signals are
prote to sudden fades, and some paths may close while others openup sbruptly and with
little warning. High K index /L ow & indicates a sudden, abeigpt distwbance in the
geottagnetic feld, which can cause an irdense bt teief distuptionin HF propagati o, bt
caty cause an agroral event Updated once daily,

| X-Ray
or

iZRY

(3044

| Prt Flx
or FF

[ElcFlx
ot EF

[

Planetary K
Index

Hard Z-Rays

304 Angstroms

Proton Flu

Electron Flux

Aurora

Wotmalization

Ez C orpoterd

HOAS reported value from 0 10 9. Measwes dishubancesin the hotizontal component of
earthlz magnetic field ValueinnT ismeaswed using a magnetometer during a three-hour
irterval, atnd then comvertedto a factor. Uee with A-Index — zees abowve to determine HF
cotiditions. Updated eight times daily.

| HOAA reported value from A0 to X9 9. Intensity of hard x-rays hitting the earth’s

ionosphere. Impacts prim arily the D-layer (HF absorption). The letter indicates the order
of magnitude of the Z-rays (4, B, C, M and ), where & isthe lowest. The number forther

| defines the level of rackation. Updated eight times daily.

HOAA reported walue from 0 to urknown. Relative drength of total solar radiation at a
wavelength of 304 angstrotms (or 304 rm), emitted primanly byionizedheliwm inthe sunls
photosphete. Two meamy e etts are available fior this param eter, one meamwed by the
Holar Dytiatnd s Ob et vatory, wueing the EVE instnamend, and the othet, ueing data from the
BOHO satellite, uang its SEM instnum ent. Responsible for about hatf of all the iordzation

| of the F layer in the ionosphere. 3044 doesloosely correlate to 3F1 Updated hourly.

MO&A reported walue from 0 to unknoen. Density of char ged protoss inthe solar wind,
The ki gher the mumbers, the more the impact the ionosphere. Primarilyimpacts the E-

| Layer of the ionosphere. Tpdated hourly.

HO&AA reported walue from 0 to urknown. Density of char ged el ectrons in the solar wind
The higher the roumbers (=10000, the more the impact the ionosphere. Primoarily impacts the

| E-Layer of the tonosphere. Updated hourly.

HOAA reported walue from 0 to 10+, Indicates how strong the F-Lasyer iondzationisin
the polar regions. Higher waloes cause awroral everts (including northernsoathern 11 ghis)

| to mowe to lower latitude. Updated holy.

HMOAS reported value from 010 5. When < 2.0, kigh confidence ih Aurora meamiem et

| When>2, low confidence. Updated howly.

ACE reported walue from +30 to-50. Strength and divection of the interpl anetany
magretic field as impacted by solar activity. Positive is same divection as the earthl s
magnetic field, and negative 1s the opposite magnetic polarity. Cancels ot earth’s
magnetic field when negative, wlich increases the impact of solar particles in the
ionosphere. Updaed howly




Summary

The Gadget tool for propagation information is available to
sit on your desktop and updates automatically every few
minutes.

It gives data a summary extracted from the NASA space
weather centre which is helpful in predicting band

conditions.

This presentation has explained the data displayed and
hopefully may help hams to use the tool effectively

Free tool — Free data - just the way hams like it.






