ARRL Instructor’s Manual for Technician License Courses
Module 8 — Lesson Plan
Propagation

Applicable Chapter: Chapter 4

Study & Lesson Materials:
· The ARRL Ham Radio License Manual (HRLM), Third Edition, pages 4-1 through 4-5 on Propagation

Recommended Strategy Elements:
· Demonstrate reflect-refract-diffract to show the difference between these propagation modes.
· Propagation prediction software can be helpful in demonstrating MUF, LUF, bands opening and closing, etc.
· Show an example of the propagation charts on the ARRL website and the ARRL Propagation Bulletins, free to ARRL members.

Module Learning Objectives:
At the conclusion of this lesson, students will be able to:
8.1. Understand range, line-of-sight propagation and ground wave.
8.2. Understand the difference between reflection, refraction, and diffraction.
	T3C05
8.3. Understand the radio horizon, why UHF signals penetrate buildings better than longer wavelength signals, and the meaning of multi-path.
T3A01; T3A02; T3A06; T3A08; T3A10; T3C10; T3C11
8.4. Discuss the troposphere and tropospheric propagation
	T3C06; T3C08
8.5. Discuss the ionosphere, solar effects, and ionospheric or sky-wave propagation
	T3A11; T3C01; T3C09; T3C12
8.6. Understand the terms Sporadic E, Aurora, Meteor Scatter
	T3C02; T3C03; T3C04; T3C07

	
Lesson Topics

	Topic
	Notes

	How do radio waves travel from place to place?
· How does propagation affect the Amateur Radio operator?
· Discuss line-of-sight and ground wave.
	PPT Slide 8-2

PPT Slides 8-3 and 8-4

	Discuss reflection, refraction, and diffraction.
· Explain knife-edge diffraction. (T3C05)
	PPT Slides 8-5 and 8-6
Perform demo showing the different types of propagation.

	Discuss VHF/UHF Propagation.
· Discuss radio horizon. (T3C10, T3C11)
· Discuss VHF and UHF wave penetration inside buildings. (T3A02)
· Discuss multi-path. (T3A01; T3A10)
· Discuss flutter or picket-fencing. (T3A06)
	PPT Slide 8-7

	Discuss how the troposphere affects radio signals.
· Discuss tropospheric scatter. (T3C06)
· Discuss tropospheric ducting. (T3C08)
	PPT Slide 8-8

	Explain what the ionosphere is.
· Show how it is created.
· Show how the ionosphere has a layered structure.
· Discuss the sunspot cycle.
· Why are radio waves diffracted?
· Discuss MUF, LUF.
· Discuss sky wave propagation via refraction, skip, hops. (T3A11, T3C01)
· Discuss solar cycle’s effect on which bands are open and closed. (T3C12)
· Discuss fading. (T3A08)
	PPT Slide 8-9
PPT Slide 8-10
PPT Slide 8-11
PPT Slides 8-12 and 8-13

PPT Slide 8-14
PPT Slide 8-15

	Explain how the ham predicts propagation. Demonstrate propagation prediction software if available.
	

	Present interesting VHF/UHF phenomena.
· Discuss Sporadic E. (T3C02)
· Discuss auroral propagation. (T3C03)
· Discuss meteor scatter. (T3C07)
	
PPT Slide 8-16
PPT Slide 8-17

	Administer quiz based on above questions and debrief, or use progress check below.
	



	
Progress Check

	Question Stem
	PowerPoint Slide

	What should you do if another operator reports that your station’s 2 meter signals were strong just a moment ago, but now they are weak or distorted? (T3A01)
	PPT Slide 8-19

	Why are UHF signals often more effective from inside buildings than VHF signals? (T3A02)
	PPT Slide 8-21

	What term is commonly used to describe the rapid fluttering sound sometimes heard from mobile stations that are moving while transmitting? (T3A06)
	PPT Slide 8-23

	Which of the following is a likely cause of irregular fading of signals received by ionospheric reflection? (T3A08)
	PPT Slide 8-25

	What may occur if data signals propagate over multiple paths? (T3A10)
	PPT Slide 8-27

	Which part of the atmosphere enables the propagation of radio signals around the world? (T3A11)
	PPT Slide 8-29

	Why are direct (not via a repeater) UHF signals rarely heard from stations outside your local coverage area? (T3C01)
	PPT Slide 8-31

	Which of the following might be happening when VHF signals are being received from long distances? (T3C02)
	PPT Slide 8-33

	What is a characteristic of VHF signals received via auroral reflection? (T3C03)
	PPT Slide 8-35

	Which of the following propagation types is most commonly associated with occasional strong over-the-horizon signals on the 10, 6, and 2 meter bands? (T3C04)
	PPT Slide 8-37

	Which of the following might cause radio signals to be heard despite obstructions between the transmitting and receiving stations? (T3C05)
	PPT Slide 8-39

	What mode is responsible for allowing over-the-horizon VHF and UHF communications to ranges of approximately 300 miles on a regular basis? (T3C06)
	PPT Slide 8-41

	What band is best suited for communicating via meteor scatter? (T3C07)
	PPT Slide 8-43

	What causes tropospheric ducting? (T3C08)
	PPT Slide 8-45

	What is generally the best time for long-distance 10 meter band propagation via the F layer? (T3C09)
	PPT Slide 8-47

	What is the radio horizon? (T3C10)
	PPT Slide 8-49

	Why do VHF and UHF radio signals usually travel somewhat farther than the visual line of sight distance between two stations? (T3C11)
	PPT Slide 8-51

	Which of the following bands may provide long distance communications during the peak of the sunspot cycle? (T3C12)
	PPT Slide 8-53



Suggested Activities & Demonstrations:
Wave Direction-Changing Demonstration
· You will need
· A mirror or small piece of aluminum foil
· A large clear glass of cloudy water. Make the water cloudy by adding a small amount of milk or fine powder (even dirt will do). 
· An index card with a very narrow slit (less than 0.5 mm wide)
· A laser pointer (be sure to keep anyone from looking directly into the beam)
· [bookmark: _GoBack]Reflection: shine the laser pointer onto the mirror/foil and show the spot’s reflection on a wall or whiteboard. This will not be surprising to the students and serves to establish a base of understanding.
· Refraction: shine the laser pointer at an angle into the cloudy water and show that the beam of light’s direction changes as it enters the water. Vary the beam angle to see the effect at various angles of incidence. Note that there is no refraction when the angle of entry is 90 degrees.
· Diffraction: secure the index card so that the slit is in the clear and one or two feet from a wall or white-board. Shine the laser pointer through the slit and observe that there are several beam images on the wall on either side of the main image, demonstrating diffraction by edges. The students will have to get close to the beam image (a few feet) to see the diffracted spots.

Propagation Prediction Program
Use a propagation program to demonstrate its use to students. Two possibilities (both free of charge) are:
•	W6ELProp, www.qsl.net/w6elprop
•	PropLab Pro, www.spacew.com/proplab



Homework Suggestions to Reinforce Lesson Materials:
· Study Module 8 lesson material from The ARRL Ham Radio License Manual (Third Edition), pages 4-1 to 4-5 and review test items pertaining to Module 8.
· Read remaining Chapter 4 materials in HRLM pages 4-5 to 4-10 in preparation for the next lesson.
· Introduce students to the book Radio Propagation – Principles & Practice by Ian Poole, G3YWX (available through the ARRL Bookstore) 

Question Pool – Questions Applicable to Module 8:
T3A01; T3A02; T3A06; T3A08, T3A10; T3A11; T3C01; T3C02; T3C03, T3C04; T3C05; T3C06; T3C07; T3C08; T3C09; T3C10; T3C11; T3C12
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