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RF PROPAGATION

• WHAT IS RF PROPAGATION?

• WHAT ARE THE DIFFERENT TYPES OF PROPAGATION?

• HOW DOES OUR ENVIRONMENT AFFECT 

PROPAGATION?

• HOW TO PREDICT PROPAGATION

• WHAT ARE RADIO SIGNALS AND HOW THEY REACT?



WHAT IS RF PROPAGATION?

• IT IS THE MEANS IN WHICH RADIO SIGNALS TRAVEL.

• RADIO SIGNALS ARE ELECTROMAGNETIC WAVES. THEY WERE 

STUDIED AND QUANTIFIED MY JAMES MAXWELL IN A SET OF 

EQUATIONS NAMED AFTER HIM. 



WHAT IS RF PROPAGATION?
• EXPERIMENTS RELATING TO THE WORK OF MAXWELL WERE PERFORMED 

BY HEINRICH HERTZ.

• THE RESEARCH OF BOTH MEN, AND OTHER SCIENTIST SHOWED A 

RELATIONSHIP BETWEEN THE ELECTRIC FIELD AND MAGNETIC FIELD OF A 

RADIO WAVE AS IT TRAVELS. 

• AS A WAVE TRAVELS, IT WANTS TO TRAVEL IN A STRAIGHT LINE AND WILL 

BE:

• CONDUCTED

• ATTENUATED (ABSORBED, SCATTERED)

• REFLECTED

• REFRACTED
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TRAVELING SIGNALS - BASIC
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TRAVELING SIGNALS – WITH REFRACTION
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TRAVELING SIGNALS - BASIC
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TRAVELING SIGNALS - BASIC
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MODES OF RADIO SIGNAL TRAVEL.

• FREE SPACE –

• THIS IS THE IDEAL MODE OF WAVE PROPAGATION. THERE IS NOTHING 

TO GET IN THE WAY OR TO INTERACT WITH THE SIGNAL. IN REALITY, 

THIS RARELY EVER OCCURS.

• THE BEST ENVIRONMENT TO TEST THIS IS IN OUTER SPACE, OUTSIDE 

OUR SOLAR SYSTEM. ON EARTH, IN AN ANECHOIC CHAMBER.

• FREE SPACE AND OPEN SPACE ARE FORMS OF “DIRECT WAVE” 

PROPAGATION.



MODES OF RADIO SIGNAL TRAVEL.

• OPEN SPACE

• SIMILAR TO FREE SPACE EXCEPT THERE ARE OBSTACLES SUCH AS BUILDINGS, 

TREES, HILLS, PEOPLE….

• BUILDINGS AND HILLS CAN CAUSE SIGNALS TO BE REFLECTED OR ABSORBED 

DEPENDING ON THE FREQUENCY. A PHENOMENON CALLED KNIFE EDGE 

REFRACTION CAN DIFFRACT A SIGNAL AROUND A CORNER. 

• TREES, HILLS AND PEOPLE CAN ABSORB SIGNALS. 

• THESE PROPERTIES ARE MOST LIKELY TO BE OBSERVED AT VHF FREQUENCIES 

(50 MHZ)  AND HIGHER.

• REFLECTED SIGNALS CAN CAUSE A RECEIVER TO SEE MULTIPLE SIGNALS OF 

THE SAME TRANSMISSION (MULTIPATH).



MODES OF RADIO SIGNAL TRAVEL.
• OPEN SPACE

From ARRL Amateur Radio Education and Technology Program



MODES OF RADIO SIGNAL TRAVEL.

• GROUND WAVE

• GROUND WAVE PROPAGATION OCCURS AT LOW FREQUENCIES. TYPICALLY 4 

MHZ AND BELOW. (THINK 80M, 160M BANDS AND AM BROADCAST).

• IN GROUND WAVE PROPAGATION, THE MAGNETIC FIELD OF THE RF SIGNAL 

COUPLES WITH THE EARTH. A VERTICALLY POLARIZED ANTENNA WORKS 

WELL FOR THIS TYPE OF PROPAGATION.

• OFTEN GROUND WAVE PROPAGATION IS CONFUSED FOR OPEN SPACE 

(DIRECT WAVE) PROPAGATION. 



MODES OF RADIO SIGNAL TRAVEL.

• SKY WAVE

• RADIO SIGNALS ARE REFRACTED OR REFLECTED OFF OF THE EARTHS UPPER

ATMOSPHERE – THE IONOSPHERE. 

• BY BOUNCING A SIGNAL OFF THE IONOSPHERE, RADIO SIGNALS CAN 

TRAVEL GREAT DISTANCES.

• THE SUNS RADIATION ACTS DIRECTLY ON THE ATMOSPHERE TO IONIZE GAS

PARTICLES.

• THE HIGHER THE IONIZATION, THE MORE RADIO SIGNAL REFLECTION.

• THE SUNS AFFECT ON THE ATMOSPHERE CHANGES BASED ON THE TIME OF 

DAY AND THE SOLAR ACTIVITY AS INDICATED BY THE SUN SPOTS. 



SKY WAVE & REFRACTION



SKY WAVE & REFRACTION



THE ATMOSPHERE

From Radio Electronics.com

D Layer exists during the 

day.

F1 and F2 Layers combine at night 

to form 1 layer. 



THE ATMOSPHERE

From the G7LRR Web Page



THE ATMOSPHERE

From the G7LRR Web Page



SKY WAVES

• AS THE CHARGED PARTICLES OF THE IONOSPHERE INCREASES, THE 

AMOUNT OF RF REFLECTION (REFRACTION) ALSO INCREASES. 

• THIS IS CALLED THE CRITICAL FREQUENCY AND IS MEASURED BY 

LOOKING AT THE HIGHEST FREQUENCY THAT CAN BOUNCE OFF THE 

ATMOSPHERE.



CRITICAL FREQUENCY

7 MHz

Critical Freq is the max 

Freq that will be 

reflected – 7 MHZ

14 MHz

Ionosphere



SKY WAVES

• THE CRITICAL FREQUENCY IS MEASURED WITH A VERTICAL SIGNAL, A 

SIGNAL POINT STRAIGHT UP. (THINK NVIS ANTENNA.)

• THE UPPER LIMIT OF FREQUENCY THAT CAN BE REFLECTED CAN BE 

INCREASED BY CHANGING THE ANGLE THAT IT HITS THE IONOSPHERE.

• (SNELL’S LAW) 

• THE SHARPER THE ANGLE, THE HIGHER THE FREQUENCY UNTIL THE 

MAXIMUM USEABLE FREQUENCY (MUF) IS ACHIEVED.



MAXIMUM USABLE FREQUENCY (MUF)

7 MHz

14 MHz

Ionosphere

28 MHZ



MUF MAP – WWW.SPACEW.COM/WWW/REALTIME.PHP



PREDICTING PROPAGATION

• FOLLOW THE RULES OF THE PROPAGATION SUMMARY.

• HIGHER FREQUENCIES DURING THE DAY, 14MHZ – 29 MHZ.

• LOWER FREQUENCIES AT NIGHT. 1.6MHZ TO 14 MHZ

• DURING THE SOLAR MINIMUM, POOR PROPAGATION ON 10 MHZ AND 

HIGHER, GOOD LOW FREQUENCY AT NIGHT DUE TO LESS ATMOSPHERIC 

NOISE.

• DURING THE SOLAR MAXIMUM, GOOD PROPAGATION ON 14 MHZ AND 

HIGHER EVEN INTO THE EVENING. POOR LOW FREQUENCY DUE TO HIGHER 

ATMOSPHERIC NOISE.



PREDICTING PROPAGATION

• MUF FORECAST

• MONITOR THE SOLAR INDEX

• HTTP://WWW.WM7D.NET/HAMRADIO/SOLAR/INDEX.SHTML

• HTTP://WWW.ANZADX.NET/

• WWW.ARRL.ORG K7RA SOLAR UPDATE

• SOLAR FLUX INDEX OF 70 IS LOW = POOR DX

• SOLAR FLUX OF 110 IS MODERATE = GOOD DX

• SOLAR FLUX OF 150 IS HIGH = GREAT DX

• LISTEN TO HF BANDS

• LISTEN TO WWV

• POOR DX DOES NOT MEAN NO DX.  WEAK SIGNAL MODES CAN 

PROVIDE A LOT OF DX FUN.

http://www.wm7d.net/hamradio/solar/index.shtml
http://www.anzadx.net/
http://www.arrl.org/


PREDICTING PROPAGATION

• LISTEN TO BEACONS SUCH AS 

• HTTP://WWW.NCDXF.ORG/BEACON/BEACONSCHEDULE.HTML

http://www.ncdxf.org/beacon/beaconSchedule.html


PREDICTING PROPAGATION

• SPOTTING NETWORKS - HTTP://WWW.DXSCAPE.COM

http://www.dxscape.com/


PREDICTING PROPAGATION

SFI – Solar Flux Index

A Index

K Index

Signal Noise Level

Geomagnetic Field



PREDICTING PROPAGATION



ATMOSPHERIC DISTURBANCE



ATMOSPHERIC DISTURBANCE



THE STRANGE

• KNIFE EDGE 

DIFFRACTION

• FRESNEL ZONE Image from ualberta.ca

Image from broadband 

buyer.com



THE 
UNPREDICTABLE

• SPORADIC E

• AFFECTS FREQUENCIES 28 MHZ TO 222 MHZ

• MAY BE INTENSE FOR SHORT PERIODS

• OFTEN MORE FREQUENT DURING THE SOLAR 

MINIMUM

• TROPOSPHERIC DUCTING

• CAN OCCUR FROM CHANGES IN TEMPERATURE, 

HUMIDITY AND PRESSURE.

• OCCURS WHEN REFRACTION IS SO GREAT 

RADIO WAVES ARE BENT BACK TO THE SURFACE. 

• MAGNETOSPHERIC DUCTING

• A STRANGE PHENOMENON WHERE RADIO 

SIGNALS ARE BELIEVE TO FOLLOW THE EARTHS 

MAGNETIC FIELD LINES.



THE END

• REFER TO THE ARRL HANDBOOK CHAPTER 21 FOR MORE INFORMATION 

ON PROPAGATION.

• REFER TO “RADIO PROPAGATION PRINCIPLES AND PRACTICE” BY IAN 

POOLE, G3YWX

• QUESTIONS???

• TIM KUHLMAN, KD7RUS   KD7RUS@ARRL.NET

mailto:KD7RUS@ARRL.NET

