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What is amateur (ham) radio?

Amateur radio, also known as ham radio, is a hobby enjoyed by hundreds of thousands of Americans
and millions around the world. They enjoy communicating with one another via two-way radios and

experimenting with antennas and electronic circuits.

All kinds of people are amateur radio operators, also known as “hams.” Hams are young, old, men,
women, boys and girls. Kids as young as seven years old have gotten amateur radio licenses, and many
hams are active into their eighties and beyond. You never know who you'll run into on the amateur
radio bands: young and old, teachers and students, engineers and scientists, doctors and nurses,

mechanics and technicians, kings and entertainers.

For example, did you know that most of the astronauts sent up to the International Space Station (ISS)
in the last five to ten years have been licensed radio amateurs? They use the amateur radio station on

board the ISS to communicate with school groups all over the world as they are flying over.

How do you get into amateur radio?

With just a little study, you can learn all you need to know to get a Technician Class license, which is
the license class designed for beginners. To get a Technician Class license, you must take a test with 35
multiple-choice questions and answer 26 questions correctly. The test covers basic regulations, operating

practices, and electrical and electronics theory.

Knowing Morse Code is no longer required to get this license, nor any class of license. Technician Class
licensees have all amateur radio privileges above 30 MHz, including the very popular 2-meter band.
Technicians can also operate Morse Code (CW) on portions of the 80m, 40m, 15m, and 10m bands,

and voice and digital modes on portions of the 10m band.

There are two other license classes: the General Class license and the Amateur Extra Class license. To
get a General Class license, you must pass another 35-question test; the Amateur Extra Class test has 50

questions. The tests are progressively more difficult.

General Class licensees get phone and digital mode privileges on portions of the 160m, 80m, 60m,
40m, 20m, 17m, 15m, 12m, and 10m bands. They can also operate CW and digital modes on the 30m

band. Amateur Extra licensees have all amateur privileges.

How much does it cost?

Basic study materials, such as this study guide, can be had for free, and the license exam fee will be $15
or less. Once you have your first license, most hams find it best to start with simple equipment and
grow over time. A handheld VHF FM transceiver can be purchased for less than $100 new, and
excellent used equipment is often available at low prices. All things considered, the cost to get the first
license and radio should be less than $200.



Where do | take the test?

Amateur radio license examinations are given by Volunteer Examiners, or VEs. VEs are licensed radio
amateurs who have been trained to administer amateur radio tests. To find out when the VEs in your
area will be giving the test, go to the American Radio Relay League's (ARRL) website:
http://www.arrl.org/find-an-amateur-radio-license-exam-session. Using that page, you will be able to

search for test sessions that are close to you. If you do not have access to the Internet, you can phone

the ARRL at 860-594-0200.

Can |l really learn how to be an amateur radio operator from a study
guide like this?
Yes and no. This manual will help you get your license, but getting your license is only the beginning.

There is still much to learn, and to get the most out of amateur radio, you will have to continually learn

new things.

This study guide will teach you the answers to the test questions, but will not give you a deep
understanding of electronics, radio, or the rules and regulations. That will be up to you after you get

your license.

I hope that, by helping you get your license, this guide will encourage you to become an active radio
amateur and get on the air, participate in public service and emergency communications, join an
amateur radio club, and experiment with radios, antennas, and circuits. These are the activities that will
really help you learn about radio in depth, and in the end, help you be confident in your abilities as an

amateur radio operator.

How do | use this study guide?

First, read through the study guide and then take some practice tests. The characters in parentheses —
(T5A05), for example—refer to the question number in the Technician Class Exam Question Pool.
You will find the answers to questions in bold. You can take practice tests by going to the following

websites:
* AA9PW.com
*  QRZ.com/hamtest/
* e¢Ham.net/exams/ (http://eham.net/exams/)
* HamExam.org (http://hamexam.org)
* HamStudy.org (http://hamstudy.org)
There are also ham test apps for both iOS and Android tablets:
+ iOS:

©  Amateur Radio Exam Prep (https://itunes.apple.com/us/app/amateur-radio-exam- prep-



technician/id2979514962mt=8). $4.99

© Ham Radio Exam (https://itunes.apple.com/us/app/ham-radio-exam- tech/id601991935?
mt=8). FREE.

* Android:
© Ham Radio Study (https://play.google.com/store/apps/details?id=com.tango11.hamstudy)

o Ham Test Prep (https://play.google.com/store/apps/details?

id=com.iversoft.ham.test.prep&hl=en)

Many of the questions use acronyms with which you may be unfamiliar. In the glossary, you will find
definitions of those acronyms. Please refer to the glossary if you are unsure of the meaning of an

acronym.

Good luck and have fun

I hope that you find this study guide useful and that you’ll become a radio amateur. Remember that

getting your license is just a start and that you will continue to learn new things.

If you have any comments, questions, compliments or complaints, I want to hear from you. E-mail me

at cwgeek@kb6nu.com. My goal is to continually refine and improve this study guide.

Dan Romanchik KB6NU



Electrical principles

Units and terms: current, voltage, and resistance; alternating and direct
current; conductors and insulators

Figure 1 shows a simple electric circuit. It consists of a voltage source (in this case a battery, labeled E),
a resistor (labeled R), and some wires to connect the battery to the resistor. When connected in this

way, the battery will cause a current (labeled I) to flow through the circuit.

VW

R(Q2)

g I(A
—  E(V) (A)

Figure 1. A simple electric circuit

The three basic parameters of this circuit are electromotive force (E), current (I), and resistance (R).
Electromotive force, or EMF, is the force that causes electrons to flow in a circuit. We use the letter E

to denote electromotive force. Electromotive force is measured in volts, and we use the letter V to

denote volts.

QUESTION: What is the electrical term for the electromotive force (EMF) that causes
electron flow? (T5A05)

ANSWER: Voltage

QUESTION: What is the unit of electromotive force? (T5A11)

ANSWER: The volt

QUESTION: How much voltage does a mobile transceiver typically require? (T5A00)
ANSWER: About 12 volts

Current is the flow of electrons in a circuit. In Figure 1, the letter I stands for current. Current flows
from the positive (+) terminal of the voltage source through the circuit to the negative terminal of the

voltage source. Current is measured in amperes, and we use the letter A to stand for amperes.



QUESTION: What is the name for the flow of electrons in an electric circuit? (T5A03)
ANSWER: Current
QUESTION: Electrical current is measured in which of the following units? (T5A01)

ANSWER: Amperes

Because the polarity of the battery voltage never changes, the current will flow in only one direction

through the circuit. We call this direct current, or DC.

QUESTION: What is the name for a current that flows only in one direction? (T5A04)
ANSWER: Direct current

Batteries supply direct current, or simply, DC.

Resistance is the third parameter. As the name implies, resistance opposes the flow of electrons in a
circuit. The higher the resistance, the smaller the current. We use the letter R to stand for resistance.

Resistance is measured in ohms, and we use the Greek letter omega (€)) to stand for ohms.

The type of current you get out of a wall socket is different from the current that you get from a battery.
Unlike the battery, the polarity of the voltage changes from positive to negative and back to positive on
a regular basis. In fact, it changes polarity 120 times per second. This means that the current changes

direction 120 times per second. Because of this, we call it alternating current, or AC.

QUESTION: What is the name for a current that reverses direction on a regular basis?
(T5A09)

ANSWER: Alternating current

One of the most important parameters of an alternating current is its frequency. The frequency of an
alternating current is the number of cycles per second, where a cycle is the time required for an
alternating current to go from 0 V to its most positive value, then negative to its most negative value,

then positive to 0 V again.

QUESTION: What term describes the number of times per second that an alternating
current makes a complete cycle? (T5A12)

ANSWER: Frequency
QUESTION: What is the unit of frequency? (T5C05)
ANSWER: Hertz

1 Hz is equal to one cycle per second. An alternating current reverses polarity twice per cycle, so the

frequency of the alternating current available from a wall socket is 60 Hz.



Conductors are materials that conduct electrical current well or, in other words, have a low resistance.

We use copper wires to connect a power supply to a radio because copper wires are good conductors.
QUESTION: Which of the following is a good electrical conductor? (T5A07)
ANSWER: Copper

Silver is actually a better conductor than copper, but copper is a lot less expensive than silver. Often,
you will see gold used as a conductor. Although gold is not as good a conductor as either copper or
silver, it doesn’t corrode like copper or silver. That makes it a good choice for switch or connector

contacts.

Many times we need a material that does not conduct current very well. We call these materials

insulators, and insulators have a high resistance. Plastics and glass are commonly used insulators.
QUESTION: Which of the following is a good electrical insulator? (T5A08)
ANSWER: Glass



Ohm’s Law: formulas and usage
Hams obey Ohm’s Law!

Ohm’s Law is the relationship between voltage, current, and resistance in an electrical circuit. When

you know any two of these values, you can calculate the third.

The most basic equation for Ohm’s Law is E = I x R. In other words, when you know the current
flowing through a circuit and the resistance of the circuit, you can calculate the voltage across the circuit

by multiplying these two values.

QUESTION: What formula is used to calculate voltage in a circuit? (T5D02)
ANSWER: Voltage (E) equals current (I) multiplied by resistance (R)

Using simple algebra, you can derive the other two forms of this equation. These two equations let you
calculate the resistance in a circuit if you know the voltage and current or the current in a circuit if you

know the voltage and resistance.

QUESTION: What formula is used to calculate resistance in a circuit? (T5D03)
ANSWER: Resistance (R) equals voltage (E) divided by current (I)

We can also write this formulaas R =E = L.
QUESTION: What formula is used to calculate current in a circuit? (T5DO01)
ANSWER: Current (I) equals voltage (E) divided by resistance (R)

This formula is written I = E + R.

Now, let’s look at some examples of how to apply Ohm’s Law.

QUESTION: What is the resistance of a circuit in which a current of 3 amperes flows
through a resistor connected to 90 volts? (T5D04)

ANSWER: 30 ohms
Here’s how to calculate this answer: R=E+1=90V +3A=30Q

QUESTION: What is the resistance in a circuit for which the applied voltage is 12 volts
and the current flow is 1.5 amperes? (T5D05)

ANSWER: 8 ohms
R=E+I=12V+:15A=8Q

QUESTION: What is the resistance of a circuit that draws 4 amperes from a 12-volt
source? (T5D06)

ANSWER: 3 ohms
R=E+I1=12V+4A=30Q.Now, let's look at another form of the Ohm's Law equation, I = E + R to

calculate the current in a circuit.



QUESTION: What is the current in a circuit with an applied voltage of 120 volts and a
resistance of 80 ohms? (T5D07)

ANSWER: 1.5 amperes
[=E+R=120V+80Q=15A

QUESTION: What is the current through a 100-ohm resistor connected across 200 volts?
(T5D08)

ANSWER: 2 amperes
[=E+R=200V+100Q=2A

QUESTION: What is the current through a 24-ohm resistor connected across 240 volts?
(T5D09)

ANSWER: 10 amperes
[=E+R=240V:24Q=10A

Now, let's look at the third form of the Ohm's Law equation, E = I x R to calculate the voltage across a

circuit.

QUESTION: What is the voltage across a 2-ohm resistor if a current of 0.5 amperes flows
through it? (T5D10)

ANSWER: 1 volt
E=IxR=05Ax2Q=1V

QUESTION: What is the voltage across a 10-ohm resistor if a current of 1 ampere flows
through it? (T5D11)

ANSWER: 10 volts
E=IxR=1Ax10Q=10V

QUESTION: What is the voltage across a 10-ohm resistor if a current of 2 amperes flows
through it? (T5D12)

ANSWER: 20 volts
E=IxR=2Ax10Q=20V



Series and parallel circuits

Now, let’s consider circuits with two resistors instead of just a single resistor. There are two ways in

which the two resistors can be connected: in series or in parallel. Figure 2 shows a series circuit.

R1

AAA",

||‘I+
N

Figure 2. Series circuit.

There is only one path for the current to flow, so the same current flows through both resistors. And,
because the voltage across the resistors is equal to I x R, the voltage across each of the resistors will
depend on the value of the resistors. If R1 = R2, then the voltage will be the same across both resistors,
because the same current flows through both resistors. If R1 does not equal R2, however, the voltages

will be different. In either case, the sum of the two voltages will equal the voltage of the voltage source.

QUESTION: In which type of circuit is current the same through all components?
(T5A13)

ANSWER: Series

QUESTION: What happens to current at the junction of two components in series?
(T5D13)

ANSWER: It is unchanged

QUESTION: What is the voltage across each of two components in series with a voltage
source? (T5D15)

ANSWER: It is determined by the type and value of the components



In a parallel circuit, shown in Figure 3, both resistors are connected directly to the voltage source.

] —

I1

uul

R1

12

R2

Figure 3. Parallel circuit.

Because both components are connected directly to the voltage source, the voltage across them will be

the same. This voltage will cause currents to flow in each of the resistors. I1 = V/R1, and 12 = V/R2.
The total current, I, is equal to I1 + I2. If R1 = R2, then the same current flows through both resistors.

If the resistors have different values, then I1 will be different from 12.

QUESTION: In which type of circuit is voltage the same across all components? (T5A14)

ANSWER: Parallel

QUESTION: What is the voltage across each of two components in parallel with a voltage

source? (T5D16)

ANSWER: The same voltage as the source

QUESTION: What happens to current at the junction of two components in parallel?

(T5D14)

ANSWER: It divides between them dependent on the value of the components

10



DC power

Power is the rate at which electrical energy is generated or consumed. Power is measured in watts. We

use the letter P to stand for power and the letter W to stand for watts.

QUESTION: Which term describes the rate at which electrical energy is used? (T5A10)
ANSWER: Power

QUESTION: Electrical power is measured in which of the following units? (T5A02)
ANSWER: Watts

To calculate power, we multiply the voltage across a circuit by the current flowing through the circuit.

We write this equation P = E x L.

QUESTION: What is the formula used to calculate electrical power in a DC circuit?
(T5C08)

ANSWER: Power (P) equals voltage (E) multiplied by current (I)

Here are some examples:

QUESTION: How much power is being used in a circuit when the applied voltage is 13.8
volts DC and the current is 10 amperes? (T5C09)

ANSWER: 138 watts
The calculation for this question isP=E x=13.8 Vx 10 A =138 W.

QUESTION: How much power is being used in a circuit when the applied voltage is 12
volts DC and the current is 2.5 amperes? (T5C10)

ANSWER: 30 watts
The calculation for this questionisP=E x =12V x2.5A =30 W.

Just as with Ohm’s Law, you can use algebra to come up with other forms of this equation to calculate
the voltage if you know the power and the current, or to calculate the current if you know the power

and the voltage. The formula to calculate the current, if you know the power and the voltage, isI = P +

E.

QUESTION: How many amperes are flowing in a circuit when the applied voltage is 12
volts DC and the load is 120 watts? (T5C11)

ANSWER: 10 amperes

In this question, “load” means the power the circuit is consuming. The calculation for this question is I
=P+E=120W + 12V =10A.
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Math for electronics and conversion of electrical units

When dealing with electrical parameters such as voltage, resistance, current, and power, we use a set of

prefixes to denote various orders of magnitude:

milli- is the prefix used to denote 1 one-thousandth of a quantity. A milliampere, for example, is
1 one-thousandth of an ampere, or 0.001 A. Often, the letter m is used instead of the prefix

milli-. 1 milliampere is, therefore, 1 mA.

micro- is the prefix used to denote 1 one-millionth of a quantity. A microvolt, for example, is 1
one-millionth of a volt, or 0.000001 V. Often, you will see the Greek letter mu, or Y, used to

denote the prefix micro-. 1 microvolt is, therefore, 1 YV.

pico- is the prefix used to denote 1 one-trillionth of a quantity. A picovolt is 1 one-trillionth of
a volt, or 0.000001 pV.

kilo- is the prefix used to denote 1 thousand of a quantity. A kilovolt, for example, is 1000
volts. Often, the letter k is used instead of the prefix kilo-. 1 kilovolt is, therefore, 1 kV.

mega- is the prefix used to denote 1 million of a quantity. A megahertz, for example, is 1
million Hertz. Often, the letter M is used instead of the prefix mega-. 1 megahertz is, therefore,
1 MHz.

giga - is the prefix used to denote one billion of a quantity. One gigahertz, or 1 GHz, for

example is 1 billion Hertz.

Prefix |Abbreviation |Numerical Exponential
siga- |G 1,000,000,000 10°

mega- |M 1,000,000 10°

kilo- k 1,000 103

— — 1 100

milli-  |m 0.001 1073

micro- |H,u 0.000001 10

nano- |n 0.000000001 107

pico- p 0.000000000001 10712

Here are some examples:

QUESTION: How many milliamperes is 1.5 amperes? (T5B01)
ANSWER: 1500 milliamperes

To convert amperes to milliamperes, you multiply by 1,000.
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QUESTION: What is another way to specify a radio signal frequency of 1,500,000 hertz?
(T5B02)

ANSWER: 1500 kHz
To convert from hertz (Hz) to kHz, you divide by 1,000.

QUESTION: How many volts are equal to one kilovole? (T5B03)
ANSWER: One thousand volts

QUESTION: How many volts are equal to one microvolt? (T5B04)
ANSWER: One one-millionth of a volt

To convert from kilovolts to volts, you multiply by 1,000. To convert from microvolts to volts, you

divide by one million.

QUESTION: Which of the following is equal to 500 milliwatts? (T5B05)
ANSWER: 0.5 watts
To convert from milliwatts to watts, you divide by 1,000. 500 + 1000 = %2 or 0.5.

QUESTION: How many microfarads are equal to 1,000,000 picofarads? (T5B08)
ANSWER: 1 microfarad

The farad is the unit of capacitance. There are 1 million picofarads in a microfarad.

QUESTION: If an ammeter calibrated in amperes is used to measure a 3000-milliampere
current, what reading would it show? (T5B006)

ANSWER: 3 amperes
There are a thousand milliamperes in an ampere, so to convert from milliamperes to amperes, you
divide by 1,000.

QUESTION: What is the proper abbreviation for megahertz? (T5C14)

ANSWER: MHz

QUESTION: If a frequency display calibrated in megahertz shows a reading of 3.525
MHz, what would it show if it were calibrated in kilohertz? (T5B07)

ANSWER: 3525 kHz
QUESTION: Which of the following frequencies is equal to 28,400 kHz? (T5B12)
ANSWER: 28.400 MHz

QUESTION: If a frequency display shows a reading of 2425 MHz, what frequency is that
in GHz? (T5B13)

ANSWER: 2.425 GHz

To convert from MHz to kHz, you multiply by 1,000. To convert from kHz to MHz, or to convert
from MHz to GHz, you divide by 1,000.
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Decibels

When dealing with ratios—especially power ratios—we often use decibels (dB). The reason for this is
that the decibel scale is a logarithmic scale, meaning that we can talk about large ratios with relatively
small numbers. When the value is positive, it means that there is a power increase. When the value is

negative, it means that there is a power decrease.

At this point, you don’t need to know the formula used to calculate the ratio in dB, but you need to
know the ratios represented by the values 3 dB, 6 dB, and 10 dB.

QUESTION: What is the approximate amount of change, measured in decibels (dB), of a
power increase from 5 watts to 10 watts? (T5B09)

ANSWER: 3 dB

3 dB corresponds to a ratio of 2 to 1, and because going from 5 watts to 10 watts doubles the power, we

can also say that there is a gain of 3 dB.

QUESTION: What is the approximate amount of change, measured in decibels (dB), of a
power decrease from 12 watts to 3 watts? (T5B10)

ANSWER: -6 dB

6 dB corresponds to a ratio of 4 to 1, and a decrease in power from 12 watts to 3 watts is a ratio of 4 to

1. Because this is a power decrease, the value in dB is negative.

QUESTION: What is the amount of change, measured in decibels (dB), of a power
increase from 20 watts to 200 watts? (T5B11)

ANSWER: 10 dB

Increasing the power from 20 watts to 200 watts is a ratio of 10 to 1, and 10 dB corresponds to a ratio
of 10 to 1.

14



Electronic components and circuit diagrams

Resistors, capacitors and capacitance, inductors and inductance,
batteries

Resistors are components that, as the name implies, oppose the flow of current. We use them to control

how much current flows in a circuit. The higher the resistance, the lower the current.

Most resistors have a fixed value, specified in ohms, but some are designed to be variable. That is, you
can change the resistance of the resistor by turning a shaft or sliding a control back and forth. Variable

resistors, also called potentiometers, are often used to allow users to adjust the way a device operates.

QUESTION: What electrical component opposes the flow of current in a DC circuit?
(T6A01)

ANSWER: Resistor

QUESTION: What type of component is often used as an adjustable volume control?
(T6A02)

ANSWER: Potentiometer
QUESTION: What electrical parameter is controlled by a potentiometer? (T6A03)
ANSWER: Resistance

Another common electrical component is the capacitor. The most basic type of capacitor consists of two
metal plates separated by an insulator, called a dielectric. When you put a DC voltage across a
capacitor, an electric current flows into the capacitor until the voltage across the capacitor equals the
DC voltage. This puts a positive charge on one plate and a negative charge on the other, thereby

creating an electric field between the two plates.

QUESTION: What type of electrical component consists of two or more conductive
surfaces separated by an insulator? (T6A05)

ANSWER: Capacitor

QUESTION: What electrical component stores energy in an electric field? (T6A04)
ANSWER: Capacitor

QUESTION: What is the ability to store energy in an electric field called? (T5CO01)
ANSWER: Capacitance

QUESTION: What is the basic unit of capacitance? (T5C02)

ANSWER: The farad

The third most common type of electrical component in amateur radio equipment is the inductor.
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Inductors are usually small coils of wire, and when a current flows through that coil of wire, a magnetic

field is set up around the coil.
QUESTION: What electrical component usually is constructed as a coil of wire? (T6A07)

ANSWER: Inductor

QUESTION: What type of electrical component stores energy in a magnetic field?
(T6A06)

ANSWER: Inductor

QUESTION: What is the ability to store energy in a magnetic field called? (T5C03)
ANSWER: Inductance

QUESTION: What is the basic unit of inductance? (T5C04)

ANSWER: The henry

As amateur radio operators, we often use batteries to power our radio equipment. Some types of

batteries are rechargeable, while others are not.
QUESTION: Which of the following battery types is not rechargeable? (T6A11)
ANSWER: Carbon-zinc
QUESTION: Which of the following battery types is rechargeable? (T6A10)
ANSWER: All of these choices are correct
*  Nickel-metal hydride
* Lithium-ion

* Lead-acid gel-cell

There are a couple of random questions about other types of components.

QUESTION: What electrical component is used to connect or disconnect electrical
circuits? (T6A08)

ANSWER: Switch

QUESTION: What electrical component is used to protect other circuit components from
current overloads? (T6A09)

ANSWER: Fuse
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Semiconductors: basic principles and applications of solid state
devices, diodes and transistors

Diodes are the most basic semiconductor component. They have only two electrodes, called the anode
and cathode, and conduct current only when it is forward biased. That is to say, diodes only conduct
current when the voltage on the anode is positive with respect to the cathode. When the diode is reverse
biased, i.e., when the voltage on the anode is negative with respect to the cathode, the diode will not

conduct current.

QUESTION: What electronic component allows current to flow in only one direction?

(T6B02)

ANSWER: Diode

QUESTION: What are the names of the two electrodes of a diode? (T6B09)
ANSWER: Anode and cathode

QUESTION: How is the cathode lead of a semiconductor diode often marked on the
package? (T6B06)

ANSWER: With a stripe
Light-emitting diodes, or LEDs, are a particular type of diode. When current flows through them, they
emit visible light, making them useful as indicators and as part of digital readouts.
QUESTION: What does the abbreviation LED stand for? (T6B07)
ANSWER: Light Emitting Diode
QUESTION: Which of the following is commonly used as a visual indicator? (T6D07)
ANSWER: LED

Transistors are semiconductor components designed to control the current flow through them. They
have three leads and one of those leads is used as the control pin. A current, in the case of the bipolar
junction transistor, or a voltage, in the case of the field effect transistor, on the control pin controls the

current flow between the two other pins.

In some circuits, the transistor is used as a switch, and the control signal simply switches the current on
and off. In other circuits, the transistor is used as an amplifier. When used as an amplifier, the current
through the transistor is proportional to the input current or voltage. The ratio of output current to

input current is called the gain of the transistor.

QUESTION: What class of electronic components uses a voltage or current signal to
control current flow? (T6B01)

ANSWER: Transistors

QUESTION: Which of these components can be used as an electronic switch or amplifier?
(T6B03)

ANSWER: Transistor
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QUESTION: Which of the following electronic components can amplify signals? (T6B05)
ANSWER: Transistor

QUESTION: What is the term that describes a device’s ability to amplify a signal?
(T6B11)

ANSWER: Gain

QUESTION: Which of the following could be the primary gain-producing component in
an RF power amplifier? (T6B10)

ANSWER: Transistor

Bipolar junction transistors are made up of layers of semiconductor materials that are either P-type,
which means that it has a positive net charge, or N-type, which means it has a net negative charge. Each

layer has an electrode, making the transistor a device with three leads.

There are two types of bipolar junction transistors: PNP or NPN. A PNP transistor has two P layers,
with an N layer sandwiched between them. An NPN transistor has two N layers, with a P layer

sandwiched between them.

QUESTION: Which of the following components can consist of three layers of
semiconductor material? (T6B04)

ANSWER: Transistor

Another type of transistor often found in amateur radio equipment is the field-effect transistor, or FET.
To control the flow of current through the field effect transistor, you use a voltage signal on the control
pin. This voltage sets up an electric field inside the transistor, hence the name field effect transistor.

FETs, like NPN and PNP transistors have three leads.

QUESTION: What does the abbreviation FET stand for? (T6B08)
ANSWER: Field Effect Transistor

18



Circuit diagrams, schematic symbols, component functions

When describing circuits on paper, we draw diagrams called schematic diagrams that show the
components used in a circuit and how those components are connected together. Using schematic
diagrams lets us describe how a circuit works and lets us reproduce a circuit more easily. The circuit
components are represented by symbols that readily identify the type of component and its value or

part number.

QUESTION: What is the name of an electrical wiring diagram that uses standard
component symbols? (T6CO01)

ANSWER: Schematic
QUESTION: What do the symbols on an electrical schematic represent? (T6C12)
ANSWER: Electrical components

QUESTION: Which of the following is accurately represented in electrical schematics?
(T6C13)

ANSWER: The way components are interconnected

Figure T-1

Figure T-1 is a schematic diagram of a simple transistor circuit. In this circuit, the transistor is used as a

switch that turns on a lamp when a positive voltage is applied to the input.

QUESTION: What is component 1 in figure T1? (T6C02)
ANSWER: Resistor
Its function is to limit the input current.
QUESTION: What is component 2 in figure T1? (T6C03)
ANSWER: Transistor
QUESTION: What is the function of component 2 in Figure T1? (T6D10)
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ANSWER: Control the flow of current
QUESTION: What is component 3 in figure T1? (T6C04)
ANSWER: Lamp
QUESTION: What is component 4 in figure T1? (T6CO05)
ANSWER: Battery

This battery supplies the current that lights the lamp.

The circuit shown in Figure T2 is a simple power supply. Component 2 is a fuse.

Figure T-2

QUESTION: What type of switch is represented by component 3 in figure T2? (T6D03)
ANSWER: Single-pole single-throw

It turns the power supply on and off.

QUESTION: What is component 4 in figure T2? (T6C09)
ANSWER: Transformer

QUESTION: What component is commonly used to change 120V AC house current to a
lower AC voltage for other uses? (T6D06)

ANSWER: Transformer
Component 5 in Figure T2 is a rectifier diode. Rectifier diodes are designed to handle the higher

currents found in power supply circuits.

QUESTION: Which of the following devices or circuits changes an alternating current
into a varying direct current signal? (T6DO01)

ANSWER: Rectifier
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QUESTION: What is component 6 in figure T2? (T6C06)
ANSWER: Capacitor

Sometimes, this is called a filter capacitor, and its function is to filter out remnants of the 60 Hz AC

that are part of the varying direct current signal.
QUESTION: What is component 8 in figure T2? (T6C07)
ANSWER: Light emitting diode

The LED is a pilot light, serving to alert a user when the power supply is on.
QUESTION: What is component 9 in figure T2? (T6C08)
ANSWER: Variable resistor

Its purpose is to limit the output current of the supply.

Figure T-3
The circuit shown in Figure T3 is the output circuit of a transmitter.

QUESTION: What is component 3 in figure T3? (T6C10)
ANSWER: Variable inductor

There are two variable capacitors in this circuit—component 2 and the unlabeled component.

QUESTION: Which of the following is combined with an inductor to make a tuned
circuit? (T6D08)

ANSWER: Capacitor
QUESTION: Which of the following is a resonant or tuned circuit? (T6D11)

ANSWER: An inductor and a capacitor connected in series or parallel to form a filter
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When a capacitor and inductor are connected in series, the circuit has a very low impedance at the
resonant frequency. When the capacitor and inductor are connected in parallel, the circuit has a very

high impedance at the resonant frequency.

QUESTION: What is component 4 in figure T3? (T6C11)
ANSWER: Antenna
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Other components

There are many different types of components in modern radio equipment. Below, we will describe the
types of components you will need to know about to pass the Technician Class license examination.

One of these is a relay.

QUESTION: What is a relay? (T6D02)
ANSWER: An electrically-controlled switch

Meters are devices used to indicate many different values. Meters can indicate the output voltage of a

power supply, the output power of a transmitter, and many other values.

QUESTION: Which of the following displays an electrical quantity as a numeric value?
(T6D04)

ANSWER: Meter

To make electronic circuits smaller, component manufacturers make devices that have many electronic
components on a single piece of silicon. We call these integrated circuits. Integrated circuits, such as

microprocessors, may have million of transistors inside them.

QUESTION: What is the name of a device that combines several semiconductors and
other components into one package? (T6D09)

ANSWER: Integrated circuit

Integrated circuits may perform either analog or digital functions. One type of analog integrated circuit

that is very common is the voltage regulator.

QUESTION: What type of circuit controls the amount of voltage from a power supply?
(T6DO05)

ANSWER: Regulator

When connecting electronic assemblies together, we often use cables with one or more conductors.

Some of those conductors may have a shield around them that is connected to ground.

QUESTION: Which of the following is a common reason to use shielded wire? (T6D12)

ANSWER: To prevent coupling of unwanted signals to or from the wire
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Radio wave characteristics

Frequency, wavelength, and the electromagnetic spectrum

Radio waves are what amateur radio is all about. Amateur radio operators generate them and send them

off into space. And, on the other side, we capture them and demodulate them.

Radio waves are also called electromagnetic waves because they consist of both an electric wave and a
magnetic wave. The two waves are at right angles to one another, and as the wave travels through space,

energy gets swapped between the electric and magnetic waves. This is what propels them through space.

QUESTION: What type of wave carries radio signals between transmitting and receiving
stations? (T3A07)

ANSWER: Electromagnetic

QUESTION: A radio wave is made up of what type of energy? (IT5C07)
ANSWER: Electromagnetic

QUESTION: What are the two components of a radio wave? (T3B03)
ANSWER: Electric and magnetic fields

One important characteristic of a radio wave is its