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Introduction

This study guide will prepare you to take the FCC Technician Class Amateur radio exam.  After
you read this guide, you will be able to pass the test with no difficulty.  

Many persons have been able to pass the test merely by memorizing the answers to the questions. 
While that is one way to pass the test, it is not recommended.  First of all, the test is not
particularly difficult.  And while it might be possible to memorize the almost 400 questions, that
is actually a much more daunting task than simply learning the material.

The questions in this guide are the same questions that will be asked on the test.  You will be
given 35 of these questions.  To pass the test, you will need to answer 26 of those questions
correctly.  There is no penalty for wrong answers, so if you don’t know the answer, the best
strategy is to guess.  (You can almost always eliminate one or more wrong answers, which will
increase your odds of guessing the right answer.  The questions included here will be used
through June 30, 2014.  Starting July 1, 2014, there will be a new version of the test, and a new
version of this guide will be published.  

This guide will provide an explanation of the material, in plain English.  In a few cases, I will
probably be guilty of oversimplification.  But again, the Technician exam is not particularly
difficult, and you can easily pass the test with just a superficial understanding of the material. 
After you get on the air, many of the concepts explained here will become much more apparent
to you.  Even if you initial understanding is superficial, you will soon learn more just by doing.

The exam itself was never intended to prove that people who pass it are experts in the field of
electronics or radio.  Particularly at the Technician level, it was designed to show that you have a
basic understanding of the material, so that you will be able to learn more once you get on the air. 
This little book will both give you that basic understanding, and also give you the knowledge to
easily pass the test.

Each section of this book contains an explanation of some of the material that is covered on the
test.  This is followed by the actual test questions.  The correct answers are shown in bold type. 
In most cases, after you read the section, you will be able to easily answer the questions.  In a few
cases, you might need to go back and re-read that section.  

There might still be a couple of occasions when you still can’t answer the questions, even after
re-reading the section.  But I guarantee you that those occasions will be few.  But if they do arise,
you might have a handful of questions where you should simply memorize the question and the
answer.  To pass the test, you merely have to supply the correct answer.  If you can do that by
memorization, you will still get the question right, and you will still pass the test.  If you do
memorize, you must memorize the correct answer, not just the letter for the answer.  The
questions on the test will be exactly as shown here.  However, the possible answers will probably
be in a different order.

Don’t attempt to memorize all of the answers.  For one thing, that will be overwhelming.  I know



that I couldn’t possibly memorize 400 questions and answers.  And you’ll get more out of the
entire process, and have more fun on the air, if you have a basic understanding of the material.
But some concepts will be new to you, and you might not have a good understanding.  For those
handful of times when you just don’t “get it”, don’t feel bad if you have to simply memorize the
correct answer.



Chapter 1: Basic Electricity and Electronics

As you probably know, everything in the universe is made of a basic building block called the
atom.  The atom, in turn, is made up of three infinitesimally small particles called protons,
neutrons, and electrons.  The protons and neutrons are located in the center of the atom, and
typically never go anywhere.  The electrons, on the other hand, are orbiting the center (like tiny
planets around the sun) and can move about much more freely.

Each chemical element has a certain number of protons, a certain number of neutrons, and a
certain number of electrons.  Since the electrons are free to move about, they sometimes leave the
atom and go elsewhere.  Or, an extra electron might enter the atom.  Therefore, there are some
atoms that have too many electrons, or two few electrons.  

Typically, an atom that has too many electrons is eager to get rid of the extra atom, and it will do
its best to get rid of the intruder.  Given the opportunity, it will try to unload its extra electron on
another unsuspecting atom nearby, as if it were a hot potato.  

Similarly, if an atom has too few electrons, it wants to find a replacement wherever it can, and
will snatch an electron away from another nearby atom, given the opportunity.

Picture in your mind a chain of atoms, sitting side by side.  Let’s say that the atom on the far left
has an extra electron that it doesn’t want.  And let’s say that the atom on the right is missing one
of its electrons.

Realizing that it has an extra electron, the atom on the left waits until the atom to the right isn’t
looking, and then hands the “hot potato” electron to its neighbor.  This atom doesn’t want a spare
electron any more than the original atom did, so it does its best to get rid of it.  The original atom,
having started this whole process in the first place, is obviously aware of what is going on, so the
second atom probably won’t be too successful in giving it back.

So what the second atom does is wait until an opportune moment, and then give the electron to
the atom sitting to its right.

This whole process is repeated until the extra electron has been passed all the way down the line. 
But the last atom, the one at the right, was missing an electron.  So this atom is quite happy to get
the replacement, and all is well again in the atomic world.

This whole process is what is called an electric current.  There was an electric current flowing
from the atom on the left, all the way to the atom on the right.  

There is a measurement of how strong an electric current is, and this measurement is the
Ampere, or Amp for short.  One Amp is defined as approximately 6000000000000000000 (that
is 6, followed by 18 zeroes) electrons per second passing a certain point.  (You do not need to
know that number for the test–it’s just to give you an idea that it’s a lot of electrons.)



It is sometimes useful to think of electricity as being similar to water.  Electricity consists of
electrons flowing through a wire.  For many purposes, this is the similar to water flowing through
a pipe.  Therefore, you can think of the electric current, in amps, as being similar to the number
of gallons per second passing through a pipe: It’s a measure of how fast the electricity is moving.

Electrical current is measured in which of the following units?
A. Volts
B. Watts
C. Ohms
D. Amperes

What is the name for the flow of electrons in an electric circuit?
A. Voltage
B. Resistance
C. Capacitance
D. Current 

Let’s think about water pipe again for a moment, because the behavior of water flowing through
a pipe is similar to the behavior of electricity flowing through a wire.  If we want to know what
size of pipe to order, we’ll want to know how much water is flowing through it–how many
gallons per minute.  If there is more flow, we’ll need a bigger pipe.

Similarly, if there is more electric current (more amps), we’ll need a bigger wire to handle the
current.

But when we put in the new pipe, we’ll also need to know how thick the walls of the pipe need to
be.  If there is too much water pressure and the pipe is made out of flimsy material, then the pipe
might burst.  We need to know how much pressure there will be.  Normally, this is measured in
pounds per square inch.  This figure tells us how much energy there is in each drop of water.

There is a similar concept in electricity, and that is voltage.  Voltage, as you might have guessed,
is measured in volts.  The number of volts tells us how much energy there is in each of the
electrons that is passing through the wire.  Just because we have a high current does not mean
that the voltage will be high.  This is just like water.  If you look at a river, there is a huge amount
of water passing by, so the current is very high.  But the pressure is very low.  (But if you try to
squeeze that same river into a small pipe, the pressure will get much higher, a concept we’ll talk
about in a few minutes.)

Another name for voltage is electromotive force.  The higher the voltage, the more energy there
is in each electron–the more pressure there is.

What is the electrical term for the electromotive force (EMF) that causes electron flow?
A. Voltage
B. Ampere-hours



C. Capacitance
D. Inductance

What is the basic unit of electromotive force?
A. The volt
B. The watt
C. The ampere
D. The ohm

Let’s think about that water pipe again.  The water pipe running down the street in front of your
house is probably a foot or more in diameter, because it is supplying water to all of the houses on
your street.  A lot of water passes through it, so it needs to be larger.  The pipe running into your
house has a smaller diameter, because less water needs to pass through it.  The pipes running to
the individual sinks in your house are even smaller, because they need to carry even less water.  

If you tried to replace the pipe in front of your house with the small pipe, it would cause much 
resistance to the flow of water.  There is a similar concept in electricity, called resistance. 
Resistance is the measurement of how much a particular substance blocks the flow of electricity. 
Substances with a very low resistance (like the big pipe running in the street) are good at
conducting electricity.  We call these substances conductors.  In general, metals are good
conductors of electricity–they have very low resistance.  Non-metallic substances, such as plastic,
dry wood, rubber, etc., have an extremely high resistance (for most practical purposes, they have
infinite resistance).  These substances are called insulators.  

Gold and silver are among the best electrical conductors.  Copper and aluminum follow close
behind, and they are the most common substances used for electric wires.  Other metals are
generally fairly good conductors.  A piece of these materials would generally have a resistance of
close to zero.

Some other substances can conduct electricity to some extent, but not as well as a true conductor. 
For example, carbon will conduct electricity, but it is like a very small pipe, because it doesn’t
conduct electricity very well.  It has a high resistance, but not as high as plastic or rubber.  Water
can also conduct electricity, particularly if it is salt water.  But it is not nearly as good a
conductor as copper or other metals.  

The amount of resistance of a piece of material is measured in Ohms.  A perfect conductor will
have a resistance of zero ohms.  For example, a piece of copper wire will have a resistance very
close to zero ohms.  An insulator, such as plastic, will have a very high resistance.  This will be
many millions of ohms, and for practical purposes, we can just say that the resistance is an
infinite number of ohms.

When we assemble an electronic device, sometimes we need to introduce resistance to the
circuit.  We use an electronic component called a resistor.  When you buy a resistor, you specify
the number of ohms that you need.  Some resistors will be one ohm or less, and others will be



many million ohms.  They are generally made out of carbon.

One special kind of resistor is called a potentiometer.  This is sometimes called a "variable
resistor", but the word "potentiometer" is the one used on the test.  A potentiometer is a resistor
whose resistance can be changed, usually by turning the knob.  If you turn the knob all the way
one direction, the resistance is low.  If you tun the knob all the way in the other direction, the
resistance is high.  A potentiometer is usually the component used as a volume control on a radio
receiver.  With the volume turned all the way down, the resistance is high.  With the volume
turned all the way up, the resistance is low.  But when you turn the knob, you are adjusting the
resistance (the number of ohms) of the resistor/potentiometer.

Which of the following is a good electrical conductor?
A. Glass
B. Wood
C. Copper
D. Rubber

Which of the following is a good electrical insulator?
A. Copper
B. Glass
C. Aluminum
D. Mercury

What electrical component is used to oppose the flow of current in a DC circuit?
A. Inductor
B. Resistor
C. Voltmeter
D. Transformer

What type of component is often used as an adjustable volume control?
A. Fixed resistor
B. Power resistor
C. Potentiometer
D. Transformer

What electrical parameter is controlled by a potentiometer?
A. Inductance
B. Resistance
C. Capacitance
D. Field strength

Think once again of a pipe with water flowing through it.  Let’s assume that we have water
flowing through a three-inch pipe.  At some point, the pipe narrows, and flows into a one-inch
pipe.



The current flowing through the pipe is the same everywhere.  If you have ten gallons per minute
flowing through the big pipe, and the only place for it to go is into the smaller pipe, then you’ll
have ten gallons per minute flowing through the smaller pipe.

But the water in the one-inch pipe will have more pressure.  You can see this from the following
diagram:

The pump is pumping water through the system.  There is ten gallons per minute flowing through
the entire loop.  But the one-inch pipe is under a lot more pressure than the three-inch pipe.



Electricity works the same way.  Look at the diagram below.  This is a battery, some wire, and a
lightbulb.  As you are probably aware, the lightbulb will light up when it’s hooked up this way. 
The lightbulb gives off light because it is using energy from the electricity.  And because it is
using energy, it resists the flow of electricity.  Therefore, it is not a true conductor, and it is not a
true insulator.  Instead, it is a resistor.  We can measure the resistance of the lightbulb with an
instrument called an ohmmeter.  For example, this lightbulb might have a resistance of 2 ohms:

The lightbulb in this diagram is like the one-inch pipe in the first diagram.  Like the smaller
section of pipe, it resists the flow of electricity.  The battery in this diagram is like the pump in
the first diagram.  In the first diagram, the pump might be rated in terms of how much pressure it
can generate–how many pounds per square inch.  The battery is the same–it is rated in terms of
how much electrical pressure (voltage) it puts out.  Normal flashlight batteries (alkaline or carbon
zinc) put out 1.5 volts.  (We’ll talk later about how batteries with larger voltages are put
together).  

As you are probably aware, normal alkaline or carbon-zinc batteries are not rechargeable.  Some
batteries are rechargeable.  The most common ones for small electronic devices are nickel-
cadmium (also known as NiCd or “nicad” batteries) or litium-ion (also known as LiIon
batteries).   The voltage of a Nicad battery is 1.2 volts.

A normal car battery is known as a "lead-acid" battery.  As you are aware, this type of battery can
also be recharged, and is normally charged by your car's alternator.

Lead-acid batteries are commonly used by hams to power equipment, but you must use caution
around them, since they contain sulfuric acid.  In addition, they can give off explosive hydrogen
gas when being charged.  They can overheat, or even explode, particularly if they are charged or
discharged too quickly.

Since car batteries are twelve volts, most amateur radio equipment designed for use in a car



(“mobile”) operates off twelve volts.

What is the nominal voltage of a fully charged nickel-cadmium cell?
A. 1.0 volts
B. 1.2 volts
C. 1.5 volts
D. 2.2 volts

Which battery type is not rechargeable?
A. Nickel-cadmium
B. Carbon-zinc
C. Lead-acid 
D. Lithium-ion

What is one way to recharge a 12-volt lead-acid station battery if the commercial power is out?
A. Cool the battery in ice for several hours
B. Add acid to the battery
C. Connect the battery to a car's battery and run the engine
D. All of these choices are correct

What kind of hazard is presented by a conventional 12-volt storage battery?
A. It emits ozone which can be harmful to the atmosphere
B. Shock hazard due to high voltage
C. Explosive gas can collect if not properly vented
D. All of these choices are correct

What can happen if a lead-acid storage battery is charged or discharged too quickly?
A. The battery could overheat and give off flammable gas or explode
B. The voltage can become reversed
C. The “memory effect” will reduce the capacity of the battery
D. All of these choices are correct

How much voltage does a mobile transceiver usually require?
A. About 12 volts
B. About 30 volts
C. About 120 volts
D. About 240 volts

There is a relationship between voltage, current, and resistance (volts, amps, and ohms).  This is
a mathematical formula called Ohm’s Law:



Volts equals amps time ohms.

Even if you don’t understand this formula, you will be able to pass the test simply by memorizing
the formula.  If you are good with algebra, if you remember that first formula, you will be able to
figure out the other two versions of the formula.  But if you’re not good with algebra, you can
simply memorize the following two other versions of the formula:

Amps equals volts divided by ohms.

Ohms equals volts divided by amps.

When you see an Ohm’s law question on the test, two numbers will be given, and you’ll need to
calculate the third.  So the question might give numbers for amps and ohms.  In that case, you’ll
just multiply the two numbers and get the correct answer in volts.  Or the answer might give
numbers for volts and ohms, and you’ll need to get the number of amps by calculating volts
divided by ohms.  Or, the question will give volts and amps, and you’ll need to give the answer
of the number of ohms, which is volts divided by amps.

You can answer all of the questions in this way without understanding anything, as long as you
memorize these three formulas.  But it doesn’t take much extra effort to understand what’s going
on!



Think again about the water flowing through the first diagram above.  There’s a certain amount
of current (gallons per minute) flowing through the whole system.  But when the water
encounters the resistance of the small section of pipe, the pressure in that section goes up.  We
could assign a number for the resistance.  Let’s call it 10 “ohms” (of course, resistance of a water
pipe isn’t really measured in ohms, but it’s close enough, that we’re doing so for the purposes of
this exercise.  And then, we’ll replace that section of pipe with a little bit larger one that is only
 five “ohms”.  So we have the following two setups:



Under “Ohm’s Law” (which doesn’t really apply here, but again, it’s close enough to
demonstrate the point), the “voltage” (water pressure) equals current times ohms.

So in the drawing with the “10 ohm pipe”, let’s say that the current is 10 gallons per minute.  The
pressure (voltage) would be current times resistance, or 10 x 10 = 100.  (At this point, I’m not
saying 100 of what, because that would obviously depend on a lot of factors.  But for the sake of
simplicity, we’ll say that the pressure is 100 pounds per square inch.

In the other diagram, we replace the “10 ohm” pipe with the larger “5 ohm” pipe.  This time, the
pressure (voltage) will be current times resistance, or 10 x 5 = 50.

In other words, when the resistance goes down, the voltage also goes down.

Now, obviously, in the case of water, this is a gross over-simplification, and things don’t work
out quite this simply.  But you get the idea: As long as everything else stays the same, then the
voltage goes up when the resistance goes up.  This might seem backwards to you when it comes
to electricity.  But it makes more sense when you think about the water pipes.  And it also makes
more sense if you think of it this way: The larger resistor “uses up” more of the voltage than the
smaller resistor.  Or you need more voltage in the case of a larger resistor.  We usually say that
there is a “voltage drop” across the resistor.

Before we go on to draw the same diagram using electrical components, we should introduce the
symbols for various electronic components.  My picture of the lightbulb and battery above is
adequate, but if we want to draw more complicated electrical circuits, my artistic abilities are
limited, and it would be very difficult for me to draw everything I need to draw.  So we use
standard symbols to represent everything.  These symbols are called schematic symbols, and the
layout of a circuit using these symbols is called a schematic diagram.

Here is the same diagram we drew earlier, using pictures of a battery and lightbulb:



Here is the same diagram using these standard schematic symbols:

As you can see, we now know the symbols for a lightbulb and for a battery:

        

        

                    LAMP      BATTERY

And here is the symbol for a resistor.  As you can see, it is just a zig-zag line:

          RESISTOR


