ARRL Instructor’s Manual for Technician License Courses
Module 10 — Lesson Plan
Practical Antenna Systems

Applicable Chapter: Chapter 4

Study & Lesson Materials:
· The ARRL Ham Radio License Manual (HRLM), Third Edition, pages 4-11 through 4-19 on Practical Antenna Systems
· Samples of antenna wire; twin-lead feed line; coaxial cable; mag-mount mobile antenna; flexible rubber duck antenna (for handhelds)
· Samples of PL-259 and other connectors; standoffs and insulators
· SWR meter/antenna analyzer
· Antenna tuner
· Photos of antenna systems

Recommended Strategy Elements:
· Show examples or photos of the components and antennas as much as possible. Most students won’t be familiar with the terminology or the parts and pieces – let them handle the materials.
· Reinforce that simple antennas can be very effective and low cost and will give good results.

Module Learning Objectives:
At the conclusion of this lesson, students will be able to:
10.1. Discuss dipoles and ground-plane antennas, including the rubber duck
T9A03, T9A04, T9A07, T9A10
10.2. Discuss construction and installation of dipoles and ground-planes
	T9A05, T9A08, T9A09, T9A12, T9A13, T9A14
10.3. Discuss directional antennas such as Yagis, Quads, and dishes
	T3A03, T3A05, T9A01, T9A06
10.4. Discuss the basic types of coaxial cable and open-wire lines
	T7C12, T9B10
10.5. Discuss treatment of both types of feed line
	T7C09, T7C10
10.6. Discuss coax connectors and adapters, installation of coax connectors
T7C11, T7D08, T7D09, T9B06, T9B07, T9B08
10.7. Discuss SWR meters, wattmeters, antenna tuners, and antenna analyzers
	T4A05, T7C02, T7C08, T9B04

	Lesson Topics

	Topic
	Notes

	Discuss dipoles and ground-plane antennas
· Discuss dipole antennas
· Discuss horizontal polarization (T9A03)
· Discuss broadside radiation of a dipole (T9A10)
· Explain what “free-space” means
· Discuss how a ground-plane works
· Discuss flexible antennas (“rubber duck”) for handhelds (T9A04, T9A07)
	PPT Slide 10-2


PPT Slide 10-3
PPT Slides 10-4 to 10-6

	Discuss antenna construction
· Show how to use the length formulas for a given frequency (T9A05, T9A08, T9A09)
· Explain the problems with 468/f and 234/f
· Stress starting “long” and trimming to resonance
· Discuss placement of mobile antennas for best coverage (T9A13)
· Compare ⅝ to ¼-wave verticals (T9A12)
· Discuss placing inductor in the antenna to lengthen it electrically (T9A14)
	
PPT Slides 10-7 and 10-8



PPT Slide 10-9

	Discuss directional antennas
· Discuss focusing transmitted power (T9A01)
· Mention that directional characteristics are the same for both receiving and transmitting
· Describe the Yagi
· Describe the Quad
· Define terms – booms, parasitic arrays, directors and reflectors
· Describe how beams can be used at VHF/UHF (T3A05)
· Discuss antenna polarization at VHF/UHF (T3A03)
· Discuss the dish directional antennas (T9A06)
	PPT Slide 10-10


PPT Slide 10-11

PPT Slide 10-12

PPT Slide 10-13

	Discuss practical feed lines and associated equipment
· Discuss feed line selection and maintenance
· Review benefits of coaxial cable as discussed in Module 9
· Nicks, cuts, abrasion can allow water to penetrate and contaminate coax (T7C09)
· Prolonged exposure to ultraviolet light can damage outer jacket of coax and allow moisture in (T7C10)
· Review types of coaxial cable and that, in general, larger diameter coax = less loss (T9B10)
	PPT Slide 10-14


PPT Slide 10-15

	Discuss coaxial feed line connectors
· PL-259 connectors are commonly used at HF (T9B07)
· Above 400 MHz Type N connectors are used (T9B06)
· Discuss crimping versus soldering (T7D08; T7D09)
· Connectors must be weatherproofed to keep moisture from entering and degrading effectiveness of coax line (T9B08)
· Air core coax requires special techniques to prevent water absorption (T7C11)
· Discuss practical techniques for weatherproofing the antenna and making sound mechanical connections
· Review considerations for open-wire lines
	PPT Slide 10-16


PPT Slide 10-17

PPT Slide 10-18

PPT Slide 10-19

	Discuss equipment for antenna measurements and adjustments
· Discuss SWR meters and watt meters and how they are used to display or calculate SWR
· Show placement of SWR meter (T4A05)
· Calculating SWR from forward and reflected power (T7C08).
· Antenna tuners and what they do (T9B04)
· Antenna analyzers and what they do (T7C02)
	PPT Slide 10-20

PPT Slides 10-21 and 10-22
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	Administer quiz based on above questions and debrief, or use progress check below.
	




	
Progress Check

	Question Stem
	PowerPoint Slide

	What antenna polarization is normally used for long-distance weak-signal CW and SSB contacts using the VHF and UHF bands? (T3A03)
	PPT Slide 10-27

	When using a directional antenna, how might your station be able to access a distant repeater if buildings or obstructions are blocking the direct line of sight path? (T3A05)
	PPT Slide 10-29

	Where should an in-line SWR meter be connected to monitor the standing wave ratio of the station antenna system? (T4A05)
	PPT Slide 10-31

	Which of the following instruments can be used to determine if an antenna is resonant at the desired operating frequency? (T7C02)
	PPT Slide 10-33

	What instrument other than an SWR meter could you use to determine if a feed line and antenna are properly matched? (T7C08)
	PPT Slide 10-35

	Which of the following is the most common cause for failure of coaxial cables? (T7C09)
	PPT Slide 10-37

	Why should the outer jacket of coaxial cable be resistant to ultraviolet light? (T7C10)
	PPT Slide 10-39

	What is a disadvantage of air core coaxial cable when compared to foam or solid dielectric types? (T7C11)
	PPT Slide 10-41

	Which of the following is a common use of coaxial cable? (T7C12)
	PPT Slide 10-43

	Which of the following types of solder is best for radio and electronic use? (T7D08)
	PPT Slide 10-45

	What is the characteristic appearance of a cold solder joint? (T7D09)
	PPT Slide 10-47

	What is a beam antenna? (T9A01)
	PPT Slide 10-49

	Which of the following describes a simple dipole mounted so the conductor is parallel to the Earth's surface? (T9A03)
	PPT Slide 10-51

	What is a disadvantage of the "rubber duck" antenna supplied with most handheld radio transceivers? (T9A04)
	PPT Slide 10-53

	How would you change a dipole antenna to make it resonant on a higher frequency? (T9A05)
	PPT Slide 10-55

	What type of antennas are the quad, Yagi, and dish? (T9A06)
	PPT Slide 10-57

	What is a good reason not to use a "rubber duck" antenna inside your car? (T9A07)
	PPT Slide 10-59

	What is the approximate length, in inches, of a quarter-wavelength vertical antenna for 146 MHz? (T9A08)
	PPT Slide 10-61

	What is the approximate length, in inches, of a 6 meter 1/2-wavelength wire dipole antenna? (T9A09)
	PPT Slide 10-63

	In which direction is the radiation strongest from a half-wave dipole antenna in free space? (T9A10)
	PPT Slide 10-65

	What is a reason to use a properly mounted 5/8 wavelength antenna for VHF or UHF mobile service? (T9A12)
	PPT Slide 10-67

	Why are VHF or UHF mobile antennas often mounted in the center of the vehicle roof? (T9A13)
	PPT Slide 10-69

	Which of the following terms describes a type of “loading” when referring to an antenna? (T9A14)
	PPT Slide 10-71

	What does an antenna tuner do? (T9B04)
	PPT Slide 10-73

	Which of the following connectors is most suitable for frequencies above 400 MHz? (T9B06)
	PPT Slide 10-75

	Which of the following is true of PL-259 type coax connectors? (T9B07)
	PPT Slide 10-77

	Why should coax connectors exposed to the weather be sealed against water intrusion? (T9B08)
	PPT Slide 10-79

	What electrical difference exists between the smaller RG-58 and larger RG-8 coaxial cables? (T9B10)
	PPT Slide 10-81




Suggested Activities & Demonstrations:
While there are no specific demonstrations for this module, have plenty of examples of each type of antenna part, pictures of antennas, samples of small antennas, and samples of feed line and connectors. These will be new to most of your students so having examples of what you’re talking about will be very helpful to them.

Homework Suggestions to Reinforce Lesson Materials:
· Study Module 10 lesson material from The ARRL Ham Radio License Manual (Third Edition) pages 4-11 to 4-19 and review test items pertaining to Module 10.
· Read HRLM pages 5-1 to 5-14 in preparation for the next lesson.
· Remind students of The ARRL Antenna Book, available through the ARRL Bookstore, for long-term reference and study.

Question Pool – Questions Applicable to Module 10:
T3A03; T3A05; T7C02; T7C08; T7C09; T7C10; T7C11; T7C12; T7D08; T7D09; T9A01; T9A03; T9A04; T9A05; T9A06; T9A07; T9A08; T9A09; T9A10; T9B04; T9B06; T9B07; T9B08; T9B10
 
v. 2.5		Module 10 - Page 7
