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An Introduction To HF Propagation
By Sean D. Gilbert (G4UCJ)
(Note: Over the next few issues The Static will publish excerpts from Sean’s great article on HF
propagation. This is a good introduction to the subject and has something for each of us...Editor)
This article is designed to be an introduction to the terms and basic mechanics of propagation methods that
are to be found on the HF and VHF bands. The descriptions of the terms quite basic in order to keep them
understandable, so they may appear to be a little vague or not technically 100% correct. A complete description would take many pages and require much research, which is beyond the scope of this article. The descriptions given are just an insight into the most important area of our hobby for without the propagation of
our signals, there could be no radio communication! If you have an area of interest, I would recommend using the mass of freely available information to further your knowledge of the particular subject. I have arranged the article in a ‘Question and Answer’ format as this is far easier to digest than a single narrative.
Hopefully the range of questions posed and accompanying answers will cover most of the queries raised when
trying to understand propagation.

WHAT IS PROPAGATION?
The term PROPAGATION is used to describe how the transmitted signal reaches the receiving station or
target area. The way signals reach the receiving station are governed mainly by distance and frequency. That
is an over simplification, but this article is designed to be an introduction, rather than an in depth explanation of every mode and variation of propagation phenomena. Other major players affecting MF/HF propagation are the 11 year solar cycle, time of year, day-to-day solar activity and time of day. For VHF (i.e. frequencies above 30MHz) the picture is somewhat different with the weather conditions and the state of the lower
atmosphere playing a major role in determining if a station can be contacted. Other things affecting longer
distance propagation on VHF are solar activity and location of both transmitting and receiving stations. Best
distance under normal conditions can be obtained if there is an unobstructed salt water path between both
stations (i.e. between Cornwall and the Canary Islands, which has been achieved on 2m several times).

(continued on page 3)
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MAY’S CLUB MEETING
Dick Jernigan, W7DXJ bring us another great DxPedition
DVD!
For the fourteenth consecutive year the Voo Dudes contest
group are on the move!
Travel along with the team as they move 2,000 pounds of
equipment 600 miles overland with two AK-47-toting
guards. Watch them put up eight antennas for the CQ
World-wide CW contest in November 2000, hear their massive pileups, and
more.
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-
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(continued from page 1)

WHAT ARE THE LAYERS OF THE ATMOSPHERE?
The ATMOSPHERE, the envelope of gases that surround the earth is comprised of many different layers, each
having an effect on the propagation of radio waves. The atmosphere varies in density, being most dense near the
earth’s surface and becoming less and less dense as height above the earth increases. Temperature in the atmosphere also varies with height with the rate of change is fairly constant. The portion of the atmosphere where the
temperature reduction is fairly constant with height is called the TROPOSPHERE. The troposphere extends
from the surface of the earth up to a height of 10km or so. This is the part of the atmosphere that contains the
right mixture of gases to support life and is also responsible for our weather. The point at which the temperature stabilizes is called the TROPOPAUSE and is to be found at around 10-20km above the earth’s surface.
From the tropopause to about 60km up we find the STRATOSPHERE. This is the part of the atmosphere where
aircraft fly as the air is thinner and hence there is less friction and drag, allowing the aircraft to fly faster and
use less fuel. Temperature is fairly constant but does tend to actually increase as the top of the stratosphere is
reached (the STRATOPAUSE). The next layers form the IONOSPHERE, perhaps the amateurs greatest asset,
perhaps also his worst enemy!

WHAT IS THE IONOSPHERE?
The IONOSPHERE is comprised of several layers of gas located from 70 to 650km (approx) above the earths
surface. These layers can combine, split or change their characteristics which makes forecasting conditions a bit
of a hit and miss affair. Some properties of the ionosphere are well known and can be predicted with a fair degree of accuracy, whereas others are totally unpredictable. As I said, the ionosphere is split into several layers,
each of which has been assigned an identifying letter to, hopefully, ease confusion. Starting at the lowest level,
we have the D layer/region, next is the E layer, then the F layers (which are split into F1 and F2). All of these
layers/regions have unique properties and each either aids or hinders our efforts to propagate a signal.

(continued on page 4)
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SATURDAY MORNING’S BREAKFAST
You’re all invited to join LBARA members for a great breakfast each and every Saturday morning at
Rusty’s Resturant located at the southwest corner of Lake Havasu Ave and Kiowa Blvd. Breakfast is
served at 6 a.m. (or earlier if you want a good seat!) Most important, the food is great!!!!
(continued from page 3)

WHAT IS THE D REGION?
The D REGION is the lowest layer of the ionosphere, extending from about 60km to 100km above the earth’s surface. The
reason that this area is called a ‘region’ instead of a ‘layer’ is that it is only really present during daylight (the time that the
sun is illuminating the ionosphere, which is considerably longer than terrestrial daylight). At night the D region virtually
disappears allowing signals to pass through to the higher levels of the ionosphere where they will be refracted back to earth
(often the term used is reflected, but refracted is the correct description). The D region affects the lower frequencies and is
the reason why signals on MW and 160m are confined to a few 10’s to maybe a couple of hundred km during daylight
hours. While the sun is illuminating the ionosphere, the D region is highly ionised and acts like an RF ‘sponge’ to MF signals. As the sun sets, the D region becomes less and less ionised and almost disappears, the remaining ionised molecules are
spread so thinly as to make little difference to the signal passing through.

WHAT IS THE MYSTERIOUS ‘E’ LAYER?
The E LAYER of the ionosphere is the stuff of radio legends, fantastic feats and has puzzled scientists for as long as they
have known about it’s existence! Way back in 1902 (just after the ‘birth’ of radio) 2 physicists, one based either side of the
Atlantic, first put forward the idea of there being an ionised layer in the atmosphere. The two were called Arthur Kennelly
(USA) and Oliver Heaviside (UK), hence the old term for the E layer, the “Kennelly-Heaviside Layer”. Edward Appleton
carried out experiments during 1924 to confirm not only the existence of the Kennelly-Heaviside layer, but that in fact there
was at least one other layer above it. Appleton was the first person to refer to the Kennelly-Heaviside layer by it’s now common name, the E-layer. He named it the E layer because, he considered, it reflected the “electric” field of the radio wave.
The layer above this he named the F-layer. The F-layer is sometimes still referred to as the “Appleton Layer”. Subsequently another layer, below the E layer, was discovered by Robert Watson-Wyatt, and designated the D layer (or region, for the
reasons described previously). The E layer is located around 100-130km above the earth’s surface and the air density is still
quite high, allowing the recombination of molecules (ionisation) to take place easily. As the sun illuminating the ionosphere
causes ionisation, the ionosphere is most ionised at local midday. After sunset, ionisation rapidly falls off until it has all but
ceased.

WHAT ARE THE ‘F’ LAYERS?
As Appleton had discovered, there is another layer above the E layer which he named the F-layer. What he didn’t realise is
that the story is not quite that simple and the F-layer is in fact comprised of 2 layers that recombine at night (so can one
assume he did his experiments at night?). To differentiate these layers, they were identified as F1 and F2. The F1 is the lower of the two and is to be found at heights of 150-250km. The higher F2 layer extends from about 300-500km or so. As stated, these heights are only valid during daylight. At night, the layers combine and form a single layer at a height of about
250-350km. These heights vary according to time of year, the solar cycle and latitude. Because the F layers are the only ones
that are present in some form 24 hours a day, they are considered to be the most important part of the ionosphere as far as
radio communications are concerned

(To be continued in the October issue of The Static)
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LOCAL HAMS PARTICIPATE IN THE 2012
IARU CHAMPIONSHIP CONTEST
Each year the IARU (International Amateur Radio Union) holds a world-wide contest and the ARRL
picks a domestic club/group to operate as W1AW/x) during the contest. This year the Arizona Outlaws Contest Club was privileged to be chosen to operate as W1AW/7 and came in first place in the US
by making 4,116 QSO’s for a total of 8,318,205 points!
Jerry France (your Editor), K7LY and Dick Zalewski, W7ZR, were operators K7FA’s 20M SSB station in Chloride, AZ., along with KD7GHX and WA7LNW. This station led the AOCC with 1,456
QSO’s on 20M SSB…..despite dodging all the thunder storms!
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ATTENTION: WEATHER SPOTTERS
CLASS
The National Weather Service out of Las Vegas will be holding a
weather spotting class during the next LBARA meeting in October.
Anyone may attend, so if you know anyone who would like to learn
more about our weather and how to assist the National Weather Service in keeping the public aware and informed on local severe weather...this is the class to attend.
When: October 18, 2012
Time: 6:30 P.M.
Place: London Bridge Yacht Club, 631 London Bridge Rd, Lake Havasu City, AZ
TOP TEN WAYS YOU KNOW YOU JUST MIGHT BE MARRIED TO A HAM
10)
9)
8)
7)
6)
5)
4)
3)
2)
1)

His favorite superheroes are Marconi and Tesla.
His sense of well being is tied to the sunspot cycle.
His electric shaver has a backup diesel generator.
He shows you his PL-259 connector.
For a romantic honeymoon, he chooses Dayton over Tahiti.
He rates your love making in S units.
He buys you an HT for your anniversary.
He attaches a mag mount antenna to the baby's stroller.
When whispering sweet nothings in your ear, he ID's every few minutes.
When the moment is right, he is on the radio.
(Contributed by Bruce Hunt, N6BRH)

Upcoming Activities and Hamfests
Tucson Hamfest & Fly-In - October 6th, Oro Valley ARC, Marana Northwest Regional Airport
Superstition Hamfest - December 1, Mesa Community College, Mesa, AZ (Note: this location may change)

Are you looking to upgrade your license?
Give our VE Exam Team a call.
See Ed Gillespie, AB7EM at #453.7412
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FOR SALE/TRADE
Ted Taft, WA7WBM, has the following equipment for sale. You may contact him at 680.1245.


Kenwood TS50 with power cord, mobile mounting bracket, microphone, manual, and original box. $350



Astron RS 35 power supply. $125



Kenwood MC-50 Desk Microphone. $80



DSI Model 3550 550 MHz frequency counter with manual. $10



Radio Shack SWR/Power meter. $15



Autronic CW Key (made on 60’s) $40



Yaesu FT-470 handheld dual-bander, with manual and charging station. $90

All equipment was working at time my station was dismantled and has been in a non-smoking environment.

________________________________________________________________________________________

Realistic HTX-100 10Meter Transceiver.
New in the box. Never used. Belonged to AE6BX (SK).
Asking $150 or best offer. Telephone Ryan Mayo at
#727.1496 or email <mayo1630@yahoo.com>.
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Director (1YR)

Jim Varner

Sgt-at-Arms

Ed Gillespie

Web Master

Jerry France
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If you have anything you would like to see included in
these issues, please let me know. I’m always looking for
articles, news items, construction articles, or anything
that might be of interest to our readers. You can contact
me at 928.855.7941 or email at grf@uneedspeed.net or

Jack Fritchey

Membership Chair

francej@ajsinsurance.com.

VISIT OUR WEBSITE
www.lbara.net

FROM THE EDITOR
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L.B.A.R.A
P.O. BOX 984
LAKE HAVASU CITY
ARIZONA 86405

ATTENTION READERS
Please note that this issue represents a “work-in-progress”
and there are a number of changes to be made in subsequent issues. I would greatly appreciate your comments,
both good and bad, as well as any suggestions for future
issues. This issue also begins our first attempt to deliver
the STATIC to your doorstep electronically. Please keep
me abreast of any email address changes you may have and
I promise to have this delivered promptly and accurately.
Also, I still have a number of articles awaiting publication
and will do so in the future. This is your newsletter, so
keep the articles, letters, and pictures coming. I can be
reached at home (855.7941) or via email at
grf@npgcable.com .
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EQUIPMENT FOR
SALE
EDITOR’S NOTE : List your items for sale
here. Ham radio related only, please. Include a
picture if you like (please use a jpg format).
Email all to me at grf@npgcable.com) along
with your name and phone number.

