ARRL Instructor’s Manual for Technician License Courses
Module 9 — Lesson Plan
Antennas and Feed Lines

Applicable Chapter: Chapter 4

Study & Lesson Materials:
· The ARRL Ham Radio License Manual (HRLM), Third Edition, pages 4-5 through 4-10 on Antenna Fundamentals, and Feed Lines and SWR, review page 5-4 regarding dummy loads

Recommended Strategy Elements:
· Note to the class that this module is primarily a vocabulary exercise.
· Introduce topic of antennas. The most expensive radio is of little use without an effective antenna.
· Use Polaroid sunglasses to demonstrate cross-polarization.
· Use a balloon to demonstrate antenna gain.
· Use a small VHF Yagi to illustrate antenna parts and use it with a receiver to illustrate what a radiation pattern is describing.
· Present a number of common feed lines, both coaxial and open-wire line for students to handle.
· Use different diameter straws to illustrate characteristic impedance.

Module Learning Objectives:
At the conclusion of this lesson, students will be able to:
9.1. Remember and use some basic antenna and feed line vocabulary
9.2. Understand basic characteristics of electromagnetic waves, such as fields and polarization
	T3A04; T3A07; T3A09; T3B02; T3B03; T5C07; T9A02
9.3. Work basic problems involving decibels
	T5B09; T5B10; T5B11
9.4. Discuss antenna gain and the basic vocabulary of radiation patterns
	T9A11
9.5. Discuss types of feed lines (coax, open-wire line) and attributes such as characteristic impedance and loss
	T7C07; T7C12; T9B02; T9B03; T9B05; T9B11
9.6. Understand what SWR is and some of its effects
	T7C03; T7C04; T7C05; T7C06; T9B01; T9B09
9.7 Understand what a dummy load is and why it is useful
	T7C01; T7C13

	Lesson Topics

	Topic
	Notes

	Give an overview of antennas, why they are required, and why there are so many different types. Explain that all are based on the same fundamentals and vocabulary.
· Discuss antenna system
· Show elements on an antenna
	

PPT Slide 9-2
PPT Slides 9-3 and 9-4

	Review electromagnetic wave discussion from Module 2 and add oscillating fields, such as those on water waves. (T3A07, T3B03, T5C07)
· Discuss polarization and cross-polarization. (T3A04, T3B02, T9A02)
· Explain elliptical polarization and effect of ionospheric skip propagation on waves. (T3A09)
	PPT Slide 9-5


PPT Slides 9-6 and 9-7

Demonstrate cross-polarization

	Explain decibels and work several problems from the exam. Help students find log functions on their calculators. (T5B09, T5B10, T5B11)
	PPT Slide 9-8

Distribute worksheet with exam and similar decibel problems




	Explain gain and radiation patterns. (T9A11)
	PPT Slides 9-9 through 9-14

Use balloon demonstration of gain

	Show different types of feed lines. (T7C12)
· Explain loss and note dependence on frequency. (T7C07, T9B05)
· Review vocabulary and explain how power travels through the feed line.
· Show internal structure of coaxial cable. Compare flexible and hard line types. (T9B03, T9B05)
· Show structure of open-wire line, show how lack of shield requires line to be kept clear of nearby materials, particularly metal objects.
	PPT Slides 9-15 and 9-16




PPT Slide 9-17


[bookmark: _GoBack]PPT Slide 9-18

	Explain what characteristic impedance is and typical values for feed lines amateurs use. (T9B02)
	PPT Slide 9-19

Demonstrate impedance using straws of different diameters

	Explain that when characteristic impedance of the line and antenna or load are different, waves traveling through the feed line are partially reflected and bounce back and forth within the line. (T7C03)
· Relate reflected waves and creation of the standing wave pattern.
· Relate reflected waves and additional loss. (T9B01)
· Show how SWR is calculated and that it is always 1:1 or higher. (T7C04, T7C06)
· Note 2:1 is the point at which transceivers begin to limit power output. (T7C05)
· Erratic SWR indicates problems in the feed line or antennas. (T9B09)
· Show and demonstrate an SWR meter.
	PPT Slide 9-20



PPT Slide 9-21

PPT Slides 9-22 and 9-23

PPT Slide 9-24

	Explain what a dummy load is and why it should be used. (T7C01, T7C13)
	PPT Slide 9-25

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



	
Progress Check

	Question Stem
	PowerPoint Slide

	What can happen if the antennas at opposite ends of a VHF or UHF line of sight radio link are not using the same polarization? (T3A04)
	PPT Slide 9-27

	What type of wave carries radio signals between transmitting and receiving stations? (T3A07)
	PPT Slide 9-29

	Which of the following is a common effect of "skip" reflections between the Earth and the ionosphere? (T3A09)
	PPT Slide 9-31

	What property of a radio wave is used to describe its polarization? (T3B02)
	PPT Slide 9-33

	What are the two components of a radio wave? (T3B03)
	PPT Slide 9-35

	What is the approximate amount of change, measured in decibels (dB), of a power increase from 5 watts to 10 watts? (T5B09)
	PPT Slide 9-37

	What is the approximate amount of change, measured in decibels (dB), of a power decrease from 12 watts to 3 watts? (T5B10)
	PPT Slide 9-39

	What is the approximate amount of change, measured in decibels (dB), of a power increase from 20 watts to 200 watts? (T5B11)
	PPT Slide 9-41

	What is a usual name for electromagnetic waves that travel through space? (T5C07)
	PPT Slide 9-43

	What is the primary purpose of a dummy load? (T7C01)
	PPT Slide 9-45

	What, in general terms, is standing wave ratio (SWR)? (T7C03)
	PPT Slide 9-47

	What reading on an SWR meter indicates a perfect impedance match between the antenna and the feed line? (T7C04)
	PPT Slide 9-49

	What is the approximate SWR value above which the protection circuits in most solid-state transmitters begin to reduce transmitter power? (T7C05)
	PPT Slide 9-51

	What does an SWR reading of 4:1 indicate? (T7C06)
	PPT Slide 9-53

	What happens to power lost in a feed line? (T7C07)
	PPT Slide 9-55

	Which of the following is a common use of coaxial cable? (T7C12)
	PPT Slide 9-57

	What does a dummy load consist of? (T7C13)
	PPT Slide 9-59

	Which of the following is true regarding vertical antennas? (T9A02)
	PPT Slide 9-61

	What is meant by the gain of an antenna? (T9A11)
	PPT Slide 9-63

	Why is it important to have a low SWR in an antenna system that uses coaxial cable feed line? (T9B01)
	PPT Slide 9-65

	What is the impedance of the most commonly used coaxial cable in typical amateur radio installations? (T9B02)
	PPT Slide 9-67

	Why is coaxial cable used more often than any other feed line for amateur radio antenna systems? (T9B03)
	PPT Slide 9-69

	What generally happens as the frequency of a signal passing through coaxial cable is increased? (T9B05)
	PPT Slide 9-71

	What might cause erratic changes in SWR readings? (T9B09)
	PPT Slide 9-73

	Which of the following types of feed line has the lowest loss at VHF and UHF? (T9B11)
	PPT Slide 9-75



Suggested Activities & Demonstrations:

Wave polarization
· Polaroid sunglasses are polarizing material oriented to block horizontally polarized glare. With two lenses aligned in the same way, light passes through. Rotate one lens to show how cross-polarization reduces “reception.”

Balloon demonstration of antenna gain
· Blow up a round balloon. The inflated balloon represents an isotropic antenna (point source). Now squeeze the balloon in the middle to create two lobes (if you do it right, you have one big and one little lobe). This represents the same amount of radiated signal, but now it is focused in specific directions.
· Connect a small handheld 2 meter or 70 cm Yagi to a radio with a signal strength meter. Find a steady repeater signal and move the Yagi around while the students are watching the S meter. Show how the antenna receives best in the forward direction. Estimate front to back and front to side. This is a good time to mention fox-hunting activities.
· Present a number of common feed lines, both coaxial and open-wire line for students to handle
· Use different diameter straws to illustrate characteristic impedance by puffing air (short puffs) through the straw and feeling the back pressure. Higher pressure means higher characteristic impedance. Measure coax resistance from end to end with a multimeter and show that characteristic impedance does not measure resistance of the conductors – it is a property of the cable determined by its geometry.

Homework Suggestions to Reinforce Lesson Materials:
· Study Module 9 lesson material from The ARRL Ham Radio License Manual pages 4-5 to 4-10 and review test items pertaining to Module 9.
· Read remaining Chapter 4 materials in the HRLM pages 4-10 to 4-19 in preparation for the next lesson.
· Suggest that students take time either now or in the future to watch the online video “Similarities in Wave Behavior” on YouTube from the AT&T Archives. It’s old but very straightforward in illustrating basic wave concepts without advanced math.
· Remind students of the books (all available through the ARRL Bookstore):
· Simple and Fun Antennas for Hams, by Chuck Hutchinson, K8CH, and Dean Straw, N6BV
· Basic Antennas, by Joel Hallas, W1ZR

Question Pool – Questions Applicable to Module 9:
T3A04; T3A07; T3A09; T3B02; T3B03; T5B09; T5B10; T5B11; T5C07; T7C01; T7C03; T7C04; T7C05; T7C06; T7C07; T7C12; T7C13; T9A02; T9A11; T9B01; T9B02; T9B03; T9B05; T9B09; T9B11
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