ARRL Instructor’s Manual for Technician License Courses
Module 3 — Lesson Plan
Modulation & Bandwidth
Applicable Chapter: Chapter 2

Study & Lesson Materials:
•	The ARRL Ham Radio License Manual (HRLM), Third Edition, pages 2-6 through 2-11
•	Oscilloscope, transceiver, dummy load, and audio signal source (generator or PC-based)
•	(Optional) Instructional Modulation Demonstration Board (see ARRL Instructor Resource web page, www.arrl.org/resources-for-license-instruction 
•	Laptop computer and projector

Recommended Strategy Elements:
•	Use an oscilloscope or the Modulation Demonstration Board from the ARRL to demonstrate modulation. 

Module Learning Objectives:
At the conclusion of this lesson, students will be able to:
3.1 Discuss modulation and demodulation
3.2 Discuss the types of modulation
T2B05; T2B06; T8A01; T8A02; T8A03; T8A04; T8A05; T8A06; T8A07
3.3 Discuss the bandwidths of various types of signals
T1B09; T8A08; T8A09; T8A10; T8A11


	Lesson Topics

	Topic
	Notes

	· Review frequency, wavelength and bands
· Basic transmitting and receiving
· Show basic station slide
· Lead students through the process of transmitting and receiving signals
	PPT Slides 3-2 through 3-5



	· 
Discuss the concepts of modulation and demodulation and explain how modulation is used to send information from point to point using radio.
· Modulation is the addition of information to a radio wave (the carrier) so that the information can be sent to a distant location. Demodulation is the extraction of information from a modulated radio wave and presenting it for use (i.e., a speaker, computer screen, etc).
· Introduce the concept of phase as the position within a cycle or as a relative difference between two waves.
	PPT Slides 3-6 and 3-7


	· Introduce CW and AM signals
· Discuss CW as the simplest form of modulation.
· Discuss varying amplitude to add information – AM.
· Discuss composite signals.
	PPT Slides 3-8 through 3-10


	· Explain bandwidth.
	PPT Slide 3-11

	· Characteristics of AM signals
· Discuss AM signals – explain sidebands.
	PPT Slides 3-12 and 3-13

	Use an oscilloscope or the Modulation Demonstration Board and oscilloscope to illustrate the lesson points. See Suggested Activities & Demonstrations for detail. 




	· Discuss single-sideband (SSB). (T8A01)
	PPT Slide 3-14

	· Discuss frequency (FM) and phase modulation (PM). (T2B05; T2B06)
	PPT Slide 3-15


	· Compare types of modulation.
· Discuss bandwidths for different types of signals.
· Discuss being careful  when operating near band edges. (T1B09)
· Why use FM signals? (T8A04)
· FM and data transmission. (T8A02)
· HF and SSB/CW. (T8A05; T8A08–T8A11)
· SSB’s narrow band advantage in poorer conditions and longer range. (T8A03; T8A07)
· Upper portion of the sideband or lower? Above 10 MHz – USB. (T8A06)
	PPT Slide 3-16


	· Discuss with the students the process of demodulation and extracting the information from the modulated signal.
	

	If you are using the Modulation Demonstration Board, follow the instructions to demonstrate demodulation.

	Administer quiz based on above questions and debrief.
	



	
Progress Check

	Question Stem
	PowerPoint Slide

	Why should you not set your transmit frequency to be exactly at the edge of an amateur band or sub-band? (T1B09)
	PPT Slide 3-18


	What determines the amount of deviation of an FM (as opposed to PM) signal? (T2B05)
	PPT Slide 3-20


	What happens when the deviation of an FM transmitter is increased? (T2B06)
	PPT Slide 3-22

	Which of the following is a form of amplitude modulation? (T8A01)
	PPT Slide 3-24

	What type of modulation is most commonly used for VHF packet radio transmission? (T8A02)
	PPT Slide 3-26


	Which type of voice modulation is most often used for long-distance or weak signal contacts on the VHF and UHF bands? (T8A03)
	PPT Slide 3-28

	Which type of modulation is most commonly used for VHF and UHF voice repeaters? (T8A04)
	PPT Slide 3-30

	Which of the following types of emission has the narrowest bandwidth? (T8A05)
	PPT Slide 3-32

	Which sideband is normally used for 10 meter HF, VHF and UHF single-sideband communications? (T8A06)
	PPT Slide 3-34

	What is the primary advantage of single sideband over FM for voice transmissions? (T8A07)
	PPT Slide 3-36

	What is the approximate bandwidth of a single sideband voice signal? (T8A08)
	PPT Slide 3-38

	What is the approximate bandwidth of a VHF repeater FM phone signal? (T8A09)
	PPT Slide 3-40

	What is the typical bandwidth of analog fast-scan TV transmissions on the 70 cm band? (T8A10)
	PPT Slide 3-42

	What is the approximate maximum bandwidth required to transmit a CW signal? (T8A11)
	PPT Slide 3-44



Suggested Activities & Demonstrations:
Modulation demonstration using an oscilloscope and transceiver (if you have the Modulation Demonstration Board):
•	Connect a multi-mode transceiver output to a dummy load.
•	Connect the oscilloscope to the dummy load or to a wire wrapped around the coaxial cable connecting the oscilloscope and radio.
•	Set the transceiver for AM and generate an audio tone using a standalone generator or PC sound card and speaker. If possible, connect the audio tone to the oscilloscope, as well, so that both the tone and the transceiver’s RF output can be viewed simultaneously.
•	Key the transmitter and hold the microphone close to the speaker so that the modulation can be seen on the oscilloscope. Vary the level and frequency of the tone. If possible, set the oscilloscope to synchronize to the audio tone so that the modulation patterns are stable.
If you don’t have a standalone oscilloscope, consider acquiring the Modulation Demonstration Board kit developed by ARRL. Designed to be used in combination with a USB oscilloscope, it provides a good visual demonstration of radio waves and modulation/demodulation principles. Instructions on using the Modulation Demonstration Board are included on the Instructor Resource web page.

Homework Suggestions to Reinforce Lesson Materials:
•	Review Module 3 lesson material and test items from The ARRL Ham Radio License Manual (Third Edition) pages 2-6 to 2-11.
•	Read the metric prefix and conversion table (HRLM Table 2-1) in preparation for the next lesson.
•	Introduce students to the book Basic Radio, by Joel Hallas, W1ZR, available through the ARRL Store.

Question Pool – Questions Applicable to Module 3:
[bookmark: _GoBack]T1B09; T2B05; T2B06; T8A01; T8A02; T8A03; T8A04; T8A05; T8A06; T8A07; T8A08; T8A09; T8A10; T8A11
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