ARRL Instructor’s Manual for Technician License Courses
Module 6 — Lesson Plan
Electronic Components

Applicable Chapter: Chapter 3

Study & Lesson Materials:
· The ARRL Ham Radio License Manual (HRLM), Third Edition, pages 3-6 through 3-15
· Sample electronic components including diodes, resistors, capacitors, transistors, air-core and encapsulated inductors, integrated circuits
· Flexible stick or rod to demonstrate resonance
· Copy samples of schematic diagrams for class lesson

Recommended Strategy Elements:
· Discuss the overview of this lesson. Emphasize that the Technician Class license requires some knowledge of electronics fundamental, but not an in-depth expertise. Keep in mind that the student make-up of your class will be varied, both in age and educational level. Keep it simple.
· Develop several worksheets based on exam questions covered by this module. Use them during class for practice.

Module Learning Objectives:
At the conclusion of this lesson, students will be able to:
6.1. Understand the function of resistors, capacitors, and inductors and the units of measurement for them.
	T5C01; T5C02; T5C03; T5C04; T6A01; T6A02; T6A03; T6A04; T6A05; T6A06; T6A07; T6D06
6.2. Understand the difference between indicators and displays
	T6D04; T6D07
6.3. State the meaning of reactance, impedance, and resonance
	T5C12; T5C13; T6D08; T6D11
6.4. Identify diodes, transistors, and integrated circuits
	T6B01; T6B02; T6B03; T6B04; T6B05; T6B06; T6B07; T6B08; T6B09; T6B10; T6B11; T6B12; T6D01; T6D09; T6D10
6.5. Understand the function of fuses and circuit breakers
	T6A09; T0A04; T0A05
6.6. Discuss the function and types of switches and relays
	T6A08; T6D02; T6D03
6.7. Identify the schematic symbols for basic electronic components
	T6C01; T6C02; T6C03; T6C04; T6C05; T6C06; T6C07; T6C08; T6C09; T6C10; T6C11; T6C12; T6C13

	Lesson Topics

	Topic
	Notes

	Discuss components and units
· Electronic circuits are made from components and the connections between them.
· Explain use of schematic diagrams as descriptions of circuits. (T6C01)
· Discuss schematic symbols as standardized ways of representing circuit components on schematics. (T6C12; T6C13)
· Explain that the circuit symbols for resistor, capacitor, inductor, diode, transistor, and other components will be presented as each component is discussed.
	PPT Slides 6-2, 6-3, 6-4

Show a simple circuit together with its schematic diagram, such as a code practice oscillator.

	Discuss resistors (T6C02)
· Resistors have specified resistances measured in ohms (Ω). 
· Resistors oppose the flow of electrons in a circuit. (T6A01)
· Adjustable or variable components. (T6C08)
· A variable resistor is often used as an adjustable volume control. (T6A02; T6A03)
	PPT Slide 6-5

Pass around sample resistors

	Discuss capacitors (T6C06)
· Capacitors store electrical energy in the electric field created by voltage between two conducting surfaces called electrodes (T6A04) separated by an insulating dielectric. (T6A05)
· The ability to store energy in an electric field is called capacitance and is measured in farads (F). (T5C01; T5C02)
	PPT Slide 6-6

Pass around sample capacitors

	Discuss inductors (T6C10)
· Inductors store magnetic energy in a magnetic field created by current flowing through a wire. (T6A06)
· The ability to store energy in a magnetic field is called inductance and is measured in henrys (H). (T5C03; T5C04)
· Inductors are made from wire wound around a core of air or of magnetic material that concentrates the magnetic energy. (T6A07)
· Transformers are made from two or more inductors that share their stored energy. (T6C09; T6D06)
	PPT Slide 6-7

Pass around sample inductors







PPT Slide 6-8

	Discuss electrical units and symbols, component designators
	PPT Slides 6-9, 6-10

	Discuss indicators and displays
· Indicators like LEDs are for status such as ON/OFF. (T6D07)
· Displays like meters indicate values, such as a receiver’s S-meter that displays signal strength. (T6D04)
	PPT Slide 6-11

	Review material covered to this point. A short quiz of the appropriate questions is useful if you have time.
	

	Discuss reactance and impedance
· Discuss the concept of reactance (X) as phase differences of voltage and current. Compare reactance and resistance.
· Discuss capacitive reactance and inductive reactance.
· Discuss impedance as a combination of resistance and reactance. Impedance is represented with a Z. (T5C12; T5C13)
	PPT Slides 6-12, 6-13

	Discuss resonance and resonant circuits
· Circuits that contain both capacitors and inductors are called resonant or tuned circuits. (T6D08; T6D11)
· Use a flexible stick or rod to illustrate resonance by vibrating it at different frequencies and observing the response.
	PPT Slides 6-14, 6-15

	Introduce semiconductors and diodes
· Describe diodes, transistors and ICs as components, constructed from a semiconductor material, whose response to current and voltage depends on the polarity and value of current and voltage.
· A semiconductor that only allows current to flow in one direction is called a diode. (T6B02)
· A diode’s electrodes are called the anode and cathode. (T6B09) The cathode is usually identified with a stripe. (T6B06)
· Rectifiers are diodes that change AC to varying DC. (T6D01)
· An LED is a special type of diode that gives off light as current passes through it. (T6B07; T6C07; T6D11) LEDs are often used as visual indicators. (T6D07)
	PPT Slide 6-16
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Pass around sample diodes

	Discuss transistors (T6D03)
· Transistors are components made from layers of N and P materials that allow the transistor to use small voltages and current to control current flow. (T6B01; T6B03; T6B04; T6D10)
· A transistor’s ability to amplify a signal is called gain. (T6B05; T6B12)
· Two common types of transistors are the bipolar junction transistors (BJT) and field-effect transistors (FET). (T6B08)
· A bipolar junction transistor (BJT) is made of three alternating layers of N and P material – either NPN or PNP. A BJT has three electrodes called the base, emitter, and collector. (T6B10)
· The field-effect transistor (FET) is constructed as a conducting path or channel of N and P material. The gate electrode is used to control current flow through the channel. (T6B11)
	PPT Slide 6-18
Pass around sample transistors

PPT Slide 6-19



PPT Slide 6-20

	Discuss integrated circuits (T6D09)
	PPT Slide 6-21

	Discuss protective components 
· Describe protective components as those that prevent equipment damage or mitigate safety hazards such as fire or electrical shock.
· Fuses and circuit breakers remove power from circuits when there is a current overload. (T6A09)
· Fuses cannot be reused. Circuit breakers also interrupt current overloads but are designed to be reused.
· Do not use fuses or circuit breakers of a higher rating than specified for the circuit. (T0A05)
	PPT Slide 6-22

Pass around sample fuses and non-household circuit breakers

	Discuss switches and relays
· Describe switches and relays as devices that control current through a circuit by connecting and disconnecting the path’s current flow. (T6A08)
· A switch is operated manually, while a relay is a switch controlled by an electromagnet. (T6D02)
· Switches and relays are described by their number of “poles” and number of “throws.” Common types are single-pole (SP); double-pole (DP); single-throw (ST); double-throw (DT). Each pole controls the path of one current. Each throw refers to a different path for the current. A double-throw switch can route current through either of two paths, while a single throw can only open or close a single path. (T6D03)
	PPT Slide 6-23, 6-24

Pass around sample switches and relays

	Discuss remaining miscellaneous components
· Lamps (T6C04)
· Batteries (T6C05)
· Antennas (T6C11)
· Ground symbols
· Review schematic symbol assortment
	PPT Slide 6-25

Pass around sample components if available

	Practice reading schematics and component symbols
· Pass out prepared schematic diagram samples to the class.
· Display a simple transistor circuit. Emphasize the component designators – transistor = Q; inductor = L; etc.
· Explain the meaning of dots and lines.
· Emphasize that schematic diagrams only indicate the way components are interconnected.
	

	Administer short quiz based on above questions and debrief.
	



	
Progress Check

	Question Stem
	PowerPoint Slide

	What is the ability to store energy in an electric field called? (T5C01)
	PPT Slide 6-27

	What is the basic unit of capacitance? (T5C02)
	PPT Slide 6-29

	What is the ability to store energy in a magnetic field called? (T5C03)
	PPT Slide 6-31

	What is the basic unit of inductance? (T5C04)
	PPT Slide 6-33

	What is meant by the term impedance? (T5C12)
	PPT Slide 6-35

	What are the units of impedance? (T5C13)
	PPT Slide 6-37

	What electrical component is used to oppose the flow of current in a DC circuit? (T6A01)
	PPT Slide 6-39

	What type of component is often used as an adjustable volume control? (T6A02)
	PPT Slide 6-41

	What electrical parameter is controlled by a potentiometer? (T6A03)
	PPT Slide 6-43

	What electrical component stores energy in an electric field? (T6A04)
	PPT Slide 6-45

	What type of electrical component consists of two or more conductive surfaces separated by an insulator? (T6A05)
	PPT Slide 6-47

	What type of electrical component stores energy in a magnetic field? (T6A06)
	PPT Slide 6-49

	What electrical component is usually composed of a coil of wire? (T6A07)
	PPT Slide 6-51

	What electrical component is used to connect or disconnect electrical circuits? (T6A08)
	PPT Slide 6-53

	What electrical component is used to protect other circuit components from current overloads? (T6A09)
	PPT Slide 6-55

	What class of electronic components is capable of using a voltage or current signal to control current flow? (T6B01)
	PPT Slide 6-57

	What electronic component allows current to flow in only one direction? (T6B02)
	PPT Slide 6-59

	Which of these components can be used as an electronic switch or amplifier? (T6B03)
	PPT Slide 6-61

	Which of the following components can be made of three layers of semiconductor material? (T6B04)
	PPT Slide 6-63

	Which of the following electronic components can amplify signals? (T6B05)
	PPT Slide 6-65

	How is the cathode lead of a semiconductor diode usually identified? (T6B06)
	PPT Slide 6-67

	What does the abbreviation LED stand for? (T6B07)
	PPT Slide 6-69

	What does the abbreviation FET stand for? (T6B08)
	PPT Slide 6-71

	What are the names of the two electrodes of a diode? (T6B09)
	PPT Slide 6-73

	What are the three electrodes of a PNP or NPN transistor? (T6B10)
	PPT Slide 6-75

	What are the three electrodes of a field-effect transistor? (T6B11)
	PPT Slide 6-77

	What is the term that describes a transistor's ability to amplify a signal? (T6B12)
	PPT Slide 6-79

	What is the name for standardized representations of components in an electrical wiring diagram? (T6C01)
	PPT Slide 6-81

	What is component 1 in figure T1? (T6C02)
	PPT Slide 6-83

	What is component 2 in figure T1? (T6C03)
	PPT Slide 6-85

	What is component 3 in figure T1? (T6C04)
	PPT Slide 6-87

	What is component 4 in figure T1? (T6C05)
	PPT Slide 6-89

	What is component 6 in figure T2? (T6C06)
	PPT Slide 6-91

	What is component 8 in figure T2? (T6C07)
	PPT Slide 6-93

	What is component 9 in figure T2? (T6C08)
	PPT Slide 6-95

	What is component 4 in figure T2? (T6C09)
	PPT Slide 6-97

	What is component 3 in figure T3? (T6C10)
	PPT Slide 6-99

	What is component 4 in figure T3? (T6C11)
	PPT Slide 6-101

	What do the symbols on an electrical circuit schematic diagram represent? (T6C12)
	PPT Slide 6-103

	Which of the following is accurately represented in electrical circuit schematic diagrams? (T6C13)
	PPT Slide 6-105

	Which of the following devices or circuits changes an alternating current into a varying direct current signal? (T6D01)
	PPT Slide 6-107

	What best describes a relay? (T6D02)
	PPT Slide 6-109

	What type of switch is represented by component 3 in figure T2? (T6D03)
	PPT Slide 6-111

	Which of the following can be used to display signal strength on a numeric scale? (T6D04)
	PPT Slide 6-113

	What component is commonly used to change 120V AC house current to a lower AC voltage for other uses? (T6D06)
	PPT Slide 6-115

	Which of the following is commonly used as a visual indicator? (T6D07)
	PPT Slide 6-117

	Which of the following is used together with an inductor to make a tuned circuit? (T6D08)
	PPT Slide 6-119

	What is the name of a device that combines several semiconductors and other components into one package? (T6D09)
	PPT Slide 6-121

	What is the function of component 2 in Figure T1? (T6D10)
	PPT Slide 6-123

	What is a simple resonant or tuned circuit? (T6D11)
	PPT Slide 6-125

	What is the purpose of a fuse in an electrical circuit? (T0A04)
	PPT Slide 6-127

	Why is it unwise to install a 20-ampere fuse in the place of a 5-ampere fuse? (T0A05)
	PPT Slide 6-129




Suggested Activities & Demonstrations:
· Display the following schematic symbols on the board and ask students to identify the component: Resistor; Transistor; Lamp; Battery; Capacitor; LED; Variable Resistor; Transformer; Variable Inductor; Antenna; SPST Switch.
· Have plenty of sample electronic components, including diodes, resistors, capacitors, chokes, transistors, inductors (air-core, toroid, encapsulated), and integrated circuits to pass around for students to touch and study.

Homework Suggestions to Reinforce Lesson Materials:
· Study Module 6 lesson material from The ARRL Ham Radio License Manual (Third Edition) pages 3-6 to 3-15 and review test items pertaining to Module 6.
· Read pages 3-16 to 3-19 in the HRLM in preparation for the next lesson.
· Refer students to the book Understanding Basic Electronics, Second Edition, by Walter Banzhaf, WB1ANE, available through the ARRL Bookstore.

Question Pool – Questions Applicable to Module 6:
T5C01; T5C02; T5C03; T5C04; T5C12; T5C13; T6A01; T6A02; T6A03; T6A04; T6A05; T6A06; T6A07; T6A08; T6A09; T6B01; T6B02; T6B03; T6B04; T6B05; T6B06; T6B07; T6B08; T6B09; T6B10; T6B11; T6B12; T6C01; T6C02; T6C03; T6C04; T6C05; T6C06; T6C07; T6C08; T6C09; T6C10; T6C11; T6C12; T6C13; T6D01; T6D02; T6D03; T6D04; T6D06; T6D07; T6D08; T6D09; T6D10; T6D11; T0A04; T0A05
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