

ARRL Instructor’s Manual for Technician License Courses
Module 2 — Lesson Plan
Radio Waves and Signals

Applicable Chapter: Chapter 2
Study & Lesson Materials:
•	The ARRL Ham Radio License Manual (HRLM), Third Edition, pages 2-1 through 2-6
•	Band Chart. Obtain printed copies from ARRL or download and print from the ARRL website at www.arrl.org/graphical-frequency-allocations
•	Electromagnetic field demonstration using a magnet and copper pipe: see the Instructor’s Resources website (www.arrl.org/resources-for-license-instruction) for more information
•	Jump rope or clothesline
•	Laptop computer and projector

Recommended Strategy Elements:
•	Use the oscilloscope and audio source to present a sine wave. Begin with a low frequency (approximately 1 Hz) to allow the students to see the trace moving up and down in the sine wave pattern. Increase frequency and show the relationship between frequency and period.
•	Introduce the radio spectrum and names for each range. Introduce the “spectrum analyzer” style of display showing strength (vertical) versus frequency (horizontal). Show how each signal occupies a specific range of frequencies.
•	Perform the rope demonstration to illustrate the relationship between frequency and wavelength. Supplement with materials referenced on the Instructor’s Resources website. Introduce the equation for converting between frequency and wavelength.



Module Learning Objectives:
At the conclusion of this lesson, students will be able to:
2.1. Understand wave terminology
T5C05
2.2. Discuss electromagnetic energy and waves
2.3. Discuss the radio spectrum
T3B08; T3B09; T3B10; T5C06
2.4 Understand a strength-versus-frequency display and discuss how a radio tunes across the signal from a station
2.5. Discuss the relationship between frequency, wavelength, and the speed of light
T3B01; T3B04; T3B05; T3B06; T3B07; T3B11

	Lesson Topics

	Topic
	Notes

	· Discuss radio signals and waves.
· Show terms and units that apply to waves.
· Discuss cycles per second as a radio signal’s frequency.
· Define hertz (Hz) as a unit of frequency measurement. (T5C05)
· Define amplitude and period.
· Define harmonic and fundamental frequency.
	PPT Slide 2-2

	· Explain how radio waves are a form of electromagnetic energy.
· Perform the magnet-pipe demonstration (optional)
· Describe the interaction between a wave and an antenna
	PPT Slides 2-3 through 2-7

	· Describe the electromagnetic and radio spectrum. 
· Define radio wave and radio frequency (>20,000 Hz). (T5C06)
· Explain the different abbreviations. (T3B08; T3B09; T3B10)
· Define band and list a few of the ham bands.
	PPT Slides 2-8 through 2-10

Show band chart as an example.

	· Define a signal as a radio wave carrying information
· Show how a receiver responds when tuning across a signal in the AM band (optional).
	PPT Slide 2-11

	· Define wavelength
· Discuss wavelength and perform a wavelength calculation for the group. (T3B01)
· Discuss the fact that radio waves travel at the speed of light. (T3B04; T3B11)
· Show formula for converting wavelength and frequency. (T3B06)
· Emphasize that as frequency increases, wavelength decreases. (T3B05) 
· Explain why hams can refer to bands both by wavelength (usually) or frequency. (T3B07)
	PPT Slide 2-12

Perform jump rope demonstration of wavelength and frequency.

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

	
Progress Check

	Question Stem
	PowerPoint Slide

	What is the name for the distance a radio wave travels during one complete cycle? (T3B01)
	PPT Slide 2-14

	How fast does a radio wave travel through free space? (T3B04)
	PPT Slide 2-16

	How does the wavelength of a radio wave relate to its frequency? (T3B05)
	PPT Slide 2-18

	What is the formula for converting frequency to wavelength in meters? (T3B06)
	PPT Slide 2-20

	What property of radio waves is often used to identify the different frequency bands? (T3B07)
	PPT Slide 2-22

	What are the frequency limits of the VHF spectrum? (T3B08)
	PPT Slide 2-24

	What are the frequency limits of the UHF spectrum? (T3B09)
	PPT Slide 2-26

	What frequency range is referred to as HF? (T3B10)
	PPT Slide 2-28

	What is the approximate velocity of a radio wave as it travels through free space? (T3B11)
	PPT Slide 2-30

	What is the unit of frequency? (T5C05)
	PPT Slide 2-32

	What does the abbreviation “RF” refer to? (T5C06)
	PPT Slide 2-34



Suggested Activities & Demonstrations:
Jump Rope Demonstration
[bookmark: _GoBack]•	Describe the basic characteristics of a radio wave. Select two students to perform this activity. Give each student one end of the rope and have them hold it taut. One student should hold the rope still, while the other student shakes his/her end of the rope up and down at a moderate but steady rate to create a wave pattern. The students will observe the movement of the rope. Point out wave crests. Ask the students to estimate the wavelength and frequency of waves reaching the other student. (Recall: the wavelength is the distance from wave crest to wave crest, while the frequency is the number of waves reaching the far end of the rope each second). Ask the class to describe their observations. What causes the wave to travel down the rope? Tell the student who is shaking the rope to shake the rope faster. Then tell the student to shake the rope slower. Again, point out the wave crests to the class. Have them estimate the wavelength and the frequency. What happens to the wavelength of rope waves when the rope is shaken faster? Ask the class to describe how each term relates to the demonstration.
•	Develop one or more practice tests using the Question Bank for this lesson. Allow students to take test after you complete lecture portion of lesson. Go over each test, as a group, using question answers as material to reinforce previous lecture.
•	Match students and volunteer mentors (Elmers).
•	Suggest that students and Elmers get together between class sessions to reinforce material and for students to see hobby in action in Elmer’s shack.
•	Optional – review animated or illustrated supplemental explanations of wavelength vs. frequency.

Homework Suggestions to Reinforce Lesson Materials:
•	Study Module 2 lesson material from The ARRL Ham Radio License Manual (Third Edition) pages 2-1 to 2-6 and review test items pertaining to Module 2.
•	Read remaining Chapter 2 materials in The ARRL Ham Radio License Manual (Third Edition) pages 2-6 to 2-11 in preparation for the next lesson.
•	Introduce students to the book Basic Radio, by Joel Hallas, W1ZR, available through the ARRL Bookstore.

Question Pool – Questions Applicable to Module 2:
T3B01; T3B04; T3B05; T3B06; T3B07; T3B08; T3B09; T3B10; T3B11; T5C05; T5C06
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