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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) 

WHAT DOES THE TERM “CRITICAL FREQUENCY” MEAN?  

The CRITICAL FREQUENCY is the highest frequency that will be returned to earth when the wave is radiated vertically 

(this is very different to being VERTICALLY POLARISED) towards the ionosphere. Once the critical frequency is passed, 

the radio wave will not be returned to earth and will travel out into space. When listening to propagation forecasts, the term “F2 

DAYTIME CRITICAL FREQUENCY” will be heard. What this means is that the frequency stated is the highest frequency 

that the F2 layer will return to earth during daylight (as the F2 layer ceases to exist during darkness). When written, the symbol 

for critical frequency is ‘f0’. Sometimes the critical frequency is measured against the E layer instead of the usual F layer. The 

symbol used to denote an E layer critical frequency is ‘f0E’. The f0E is usually around 2-4MHz, depending on time of day, year 

and solar cycle.  

WHAT DOES THE ABBREVIATION “MUF” STAND FOR?  

The term “MUF” is used a lot in radio communications and stands for “MAXIMUM USABLE FREQUENCY”.  As we have 

just seen, when a radio wave is transmitted vertically, it will not be reflected back to earth above a certain frequency. If the an-

gle of the radiated wave is changed from vertical to something nearer horizontal, the frequency at which it will be reflected in-

creases significantly. To calculate roughly the MUF, multiply the F2 critical frequency by 2.15. The MUF, however, varies con-

siderably dependent on the location of the transmitting station and the path attempted. The path with the highest MUF from the 

UK tends to be towards South America, which is why South Americans are often the last stations to fade out on the HF bands 

before they close for the night. It is an extremely useful thing to know the MUF of a given path as the maximum chance of 

working a station is obtained from using the band that is closest in frequency to the MUF (check beacons in the part of the 

world you are interested in to see the highest band they can be band they can be  received on). A strange thing is that you may 

be able to hear loud signals from the desired location but cannot make contact. If this happens (and it will!), try switching to the 

next band up. Signals may be much weaker, but you will be surprised that more often than not you will be able to make the con-

tact without problem.  

(continued on page 3) 
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LBARA MEETING SCHEDULE 

Monday Night Net (7 PM)

 

System Location Freq  Offset PL 
MCARS Bullhead City 145.27 - 131.8 

 Kingman 146.76 - 131.8 

 Kingman 448.25 - 131.8 

 Lake Havasu 146.62 - 131.8 

 Willow Beach 147.12 - 131.8 

CRRA Lake Havasu City 146.96 - 162.2 

 Lake Havasu City 224.24 - 156.7 

 Lake Havasu City 146.64 - 156.7 

 Lake Havasu City 449.95 - 141.3 

BARN Lake Havasu City 447.54 - 136.5 

 Las Vegas, NV 449.95  136.5 

 Onyx(Palm Springs) 449.34 - 136.5 

 Orange County, CA 447.54 - 100 

MONTH BOARD REGULAR 

OCT NOTE: BOARD  10/18 

NOV MEETINGS WILL NOW 11/15 

DEC  TAKE PLACE ONE  12/20 

JAN  HOUR PRIOR TO THE 1/17 

FEB REGULAR MEETING   2/21 

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 Octo-

ber.  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 lo-

cal 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 
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(continued from page 1) 

As signals are weaker, this is a sure sign that you are near the edge of the MUF and exploiting this fact will provide many more contacts 

with far off places than using the lower band, despite the stronger signal levels on the lower band. This is using the MUF to your ad-

vantage. If you are interested in working DX, it is advisable to obtain one of the excellent propagation prediction programs that availa-

ble. Most are freeware or shareware and provide good results. A word of warning though, don’t take the results from these programs as 

gospel, as day to day variations can throw a spanner in the works. If you need to input solar data (as some require), try to obtain monthly 

average figures as they will give a much more accurate result. Making best use of the MUF can give surprising results and if you are 

restricted to low power (say 10w, as the foundation licensees are) or poor antennas, this is often the only way to compete with the big 

guns. Using this, and other, aids is how I have managed to work over 160 countries using just 3 watts and simple antennas. Operating 

skill plays a part, but using the available resources such as knowing the MUF and how the bands react during the course of the day, 

month, year etc. will be even more valuable.  

WHAT IS THE ANGLE OF RADIATION AND WHY IS IT IMPORTANT?  

As discussed earlier, if a radio wave leaves the transmitter at an angle less than vertical, it will be reflected back to earth at a higher fre-

quency. Also it will be reflected back at a distance from the transmitter. This is obviously a vital fact if we are wanting to contact some-

one who is some distance from the transmitting site. At high angles of radiation, signals will be reflected back down at a short distance 

from the transmitter. As this angle is decreased towards the horizontal, so the distance covered by the reflected wave increases. The an-

gle at which the radio wave leaves the transmitting antenna is known as the ‘ANGLE OF RADIATION’. As the radiation angle is re-

duced, so the distance covered by each reflection increases, hence the need for an antenna with a low radiation angle when trying to 

work long distances on the HF bands. The angle that the transmitted wave hits the ionosphere is known as the ANGLE OF INCI-

DENCE, and can be different to the angle of radiation (due to anomalies in the atmosphere before it reaches the ionosphere). If you are 

interested in working long distances, then you would equip your station with a low angle antenna (such as a well grounded vertical or a 

high multi element beam type antenna). If, however, your interests lie in shorter distances (for example, UK nets on 80m), then a low 

dipole would be a better option as it will have a much higher radiation angle than a beam, vertical or high dipole. I am talking of heights 

with respect to wavelength rather than physical height in metres. A low dipole on 80 would be anything less than about 60 feet, whereas 

a yagi for 10m would be considered to be high if it were located at the same height. If you are looking to work long distances on 80m 

(and 40m for that matter), very few people are able to erect a dipole at sufficient height (120 feet would be a minimum to negate effects 

from the ground), so a vertical is a much better alternative. It should be borne in mind that in order for a vertical to have a low angle of 

radiation an extensive radial system needs to be employed.  

WHAT ARE N.V.I.S., GROUNDWAVE AND SKYWAVE?  

N.V.I.S. is the acronym for Near Vertical Incidence Skywave (or ‘cloudwarming’ as it has become known amongst us radio folk).  NVIS 

is the art of sending a nearly vertical radio wave up into the ionosphere, so that it may be reflected back at a short distance from the 

transmitter. It is particularly useful at low frequencies to cover the “SKIP ZONE”, the area that that is longer than the distance covered 

by GROUNDWAVE, but shorter than the first normal reflection (or hop) from the ionosphere. The groundwave is the part of the signal 

that travels along the surface of the earth to the receiver. The strength of the groundwave is inversely proportional to frequency, being 

strongest at low frequencies. As frequency is increased, the distance covered by the groundwave decreases. Local MW stations rely on 

the properties of groundwave propagation to reach the target audience. As the range of a MW groundwave signal is limited to a 100 or so 

km during daylight, stations that are geographically separated by 200km or so can operate on the same frequency without causing inter-

ference to each other (in theory!). The SKYWAVE is the part of the signal that is sent skywards and is reflected from the troposphere 

with the SPACEWAVE (not a term in common use these days) being the part that is reflected from the ionosphere. The Skywave is now 

taken to mean any signal other than the groundwave. As the D layer disappears at night, MW signals from the continent and further 

afield can be heard as they are being propagated by skywave. Normally skywave signals on MW would not be heard during daylight as 

the D region would absorb the signals like an RF sponge. stations that are within the skip zone cannot be heard as there is no method of 

getting the signal to the receiver. NVIS is a relatively new technique to try and get signals into the skip zone. By sending a nearly verti-

cal wave to the ionosphere and near, but not above, the critical frequency, it should be possible to get a signal to reflect into the skip 

zone.   By sending a nearly vertical wave to the ionosphere and near, but not above, the critical frequency, it should be possible to get a 

signal to reflect into the skip zone.     (continued page 5) 
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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 MEANT BY ‘MULTI HOP’  

As we have seen, signals can be reflected off the ionosphere back to earth at a distance governed by the angles of radiation and incidence and by 

the frequency in use. The maximum distance that be covered in a  single ‘hop’ as it is known is about 4500km. So how can we hear signals from 

15000km? The answer lies in the ionosphere (as usual), each time a signal is reflected back to earth, some of the signal is bounced back to the 

ionosphere. The type of terrain the signal meets when it reaches earth determines how much will be reflected back to the ionosphere. Salt water is 

one of the best reflectors as far as this is concerned, so a signal that hits salt water (i.e. the sea or ocean) will suffer much less attenuation than a 

signal that bouncing from a dry desert. Each time a signal bounces it loses some of it’s strength and eventually can become so weak that it is no 

longer detectable. When the signal enters the ionosphere it also suffers attenuation due to the friction (and hence heat) of the radio wave vibrating 

ionised molecules. Other strange effects can take place in the ionosphere and the signal may travel a considerable distance within the ionosphere 

itself before returning to earth, so predicting where a radio wave will return is a bit hit and miss! The term ‘MULTIHOP’ describes the action of 

a radio wave bouncing back into the ionosphere and subsequently being returned to earth more than 

once. To traverse the distance between here and Australia would take 4-5 hops, or more if the signal 

was being propagated the other way ‘LONG PATH’. The diagram below illustrates multihop propa-

gation. You can see that it is possible to contact a station by using a higher angle of radiation and 

taking more hops, but this means the signal will be weaker than the lower angle choice that uses less 

hops (the fewer the hops, the less the signal is attenuated). Another way signals can be propagated is 

via ‘CHORDAL HOP’, which is where the signal bounces from the upper ionosphere without suffi-

cient strength to return to earth. The signal becomes ‘trapped’ between the lower and upper levels of 

the ionosphere and bounces, or hops, within the ionosphere. Eventually, the signal strikes the upper 

layers at an angle sufficient to allow it penetrate the lower levels of the ionosphere and return to earth. 

The advantage of chordal hopping is that the signal suffers much less attenuation than if it were to 

return to earth each time before bouncing to the higher ionospheric levels.  

 

WHAT IS ‘SHORT PATH’ AND ‘LONG PATH’?  

When a radio wave is propagated to a distant place, it travels in a theoretically straight line (the shortest distance between two 

points is a straight line). Now with the earth being a sphere, normal maps (with the Mercator projection) will give you false infor-

mation as to how the radio wave reaches it’s target. To get the true picture you need to look at a globe or a special type of map 

called a ‘GREAT CIRCLE’, which is a representation of the globe if it were flattened onto a piece of paper.  

 

 

This picture shows how you would expect a radio wave to travel 

from England to New Zealand, as viewed on a Mercator projec-

tion map.  

 

 

(continued on page 5) 
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(continued from page 4) 

 

The actual path taken by the England to New Zealand signal viewed on the 

same map.  

 

 

 

 

The England – New Zealand path as shown on a great circle map (notice that it is a 

straight line and crosses over the North Pole). If an aircraft were to fly direct from 

the UK to New Zealand, this would be the preferred route as it is the shortest or 

SHORT PATH. Most radio communication on the HF bands is conducted via Short 

Path.  

 

 

 

 

 

This is the LONG PATH from UK to New Zealand, which is the ex-

act opposite of the most direct route. The signals are propagated to the 

desired location by beaming your signals 180 degrees from the normal 

heading. The signals can be stronger at certain times of the day when 

propagated via long path. Sometimes long path is the only path that 

has an MUF high enough to support communication to the desired 

location. When using an omni directional antenna, such as a vertical or 

low dipole, signals can be received from both short and long path sim-

ultaneously, which can lead to confusion at the receiver as there will 

be a noticeable echo on the signal (the long path signal has travelled 

considerably further so takes longer to reach the receiver). This echo is 

only a few 10’s of milliseconds but can play havoc with CW reception 

as the spaces between characters can be filled in with characters from 

the echo signal rendering the signal almost unreadable. The echo 

length varies in proportion to the distance travelled. Listening to a 

New Zealand station on both paths would not cause to many problems 

as the difference in path length is minimal but listening to a West Coast USA station via long and short path simultaneously causes 

real headaches as there is a considerable difference in path lengths which produces a delayed echo. Weak CW from California in 

the late afternoon on 14MHz with a vertical can be almost impossible as both long and short path signal strengths are almost identi-

cal, rendering the signal into a garbled mass of dots and dashes. A directional antenna, with the ability to rotate would make life a 

lot easier!!  

(continued in the November issue of the Static) 
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Are you  looking to upgrade your license?   

Give our VE Exam Team a call.   

See Ed Gillespie, AB7EM at #453.7412 

Upcoming Activities and Hamfests 

 Yavapai ARC  Swapmeet - October 20,  Back Street Farmers Market, Dewey, AZ  (near Prescott) 

 Superstition Hamfest - December 1, Mesa Community College, Mesa, AZ  (Note: this location may change) 

 

Here are some things we've learned from the movies  

 During all police investigations, it will be necessary to visit a strip club at least once. 

 All grocery bags contain at least one loaf of French bread. 

 The ventilation system of any building is the perfect hiding place.  No one will think of look-

ing for you there, and you can easily travel to any part of the building. 

 You're likely to survive any battle-- unless you make the mistake of showing off a picture of 

your sweetie back home. 

 The Eiffel Tower can be seen from any window in Paris, just as the Capitol and the Washing-

ton Monument can be seen from any window in Washington, D.C. 

 A man will show no pain while taking the most ferocious beating but will wince when a wom-

an tries to clean his wounds. 

 The chief of police will always suspend his star detective, which is because a detective cannot 

solve a case unless he has been suspended. 

 It is always possible to park directly outside the building you are visiting. 

 You can always find a chain saw when you need one. 

 Any given weapon contains 10 times as much ammunition as would normally fit in the maga-

zine. 

 One police handgun beats five bad-guy automatic weapons. 
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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>. 

 

 

LBARA OFFICERS AND DIRECTORS  

      
 Jerry France  President 

 Carl Schiller  Vice-President 

 Al Keys   Treasurer 

 Lyle Sibbald/Lyle Ross Secretary 

 Dick Jernigan  Director (2 YR) 

 Reiner Schick  Director (2 YR) 

 Jim Gould  Director (1 YR) 

 Cliff Baril   Director (1YR) 

 Jim Varner  Sgt-at-Arms 

 Ed Gillespie  Web Master 

 Jerry France  Static Editor 

 Jack Fritchey  Membership Chair 

FROM THE EDITOR 

 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 

francej@ajsinsurance.com. 

VISIT OUR WEBSITE 

www.lbara.net 
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EQUIPMENT FOR 

SALE 

ATTENTION  READERS 

Please note that this issue represents a “work-in-progress” 

and there are a number of changes to be made in subse-

quent 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 . 

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. 
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