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One thing I don’t like about the ARRL PowerPoint slides is that most of them are just words with no pictures. And slide after slide of bullets can be deadly boring, especially when the material is highly technical. And it is my privilege to be sharing a lot of technical material to cover today. Sorry about that!

There is no way you are going to master the material in a 3-hour class. I find that the easiest way to study for exams like this one is to study the actual questions and answers. There is a certain amount of memorization involved, but you only have to remember enough to discriminate between the right answer and the wrong ones. And fortunately, the committee who developed the exams worked hard to avoid trick questions that deliberately try to lead you astray. I always hated professors who did that. So, after taking a few practice exams, and looking up the related material when you get a wrong answer on a practice exam, you’ll absorb enough information that your first guess is going to be the right answer most of the time. 

Most of us took algebra in high school, and I will venture to say that most of us didn’t actually learn algebra in algebra class. Sure, we learned enough to get through the tests, but we really didn’t master the subject. I didn’t really learn algebra until I had to use algebra in my calculus class. My wife didn’t learn algebra until she started taking accounting classes. You might not have learned algebra until you became acquainted with IRS Form 1040, or applied for a mortgage or car loan. We develop the skills through repetition and practice, and especially when there is a reward at the end, like getting a tax refund or driving away from the dealership in a new car. If you aren’t old enough to have experienced those things yet, you have some stuff to look forward to.

But the goal isn’t just to get you to pass the exam. Remember, passing the exam is just the first step on what we hope will be a long and enjoyable journey through ham radio. At least, it has been a long and fun journey for me and your other instructors. So, our other objective for this course is share information that is likely to be helpful to many of you as you start to pursue your varied ham radio interests. 

You aren’t going to remember everything I tell you today, but with this course, you are starting to build a foundation of ham radio knowledge. As you get involved with different aspects of the hobby, the material will become more relevant to you. And it will be a little bit easier to understand the next time around. Your understanding will grow through repeated exposure and peeling back layers of the onion.

In the interest of time, I’ve cut a fair number of slides out of the ARRL presentation materials. And I have substituted slides that contain pictures, with the content of the slides in the lecture notes instead of just showing words on the screen. And I have some show-n-tell items, and David will have a few demos, to break things up.  
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Types of Radio Circuits

Presenter
Presentation Notes
(switch to the slides plus headshot)
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The Basic Transceiver



The Basic Transceiver
• Combination of 

“transmitter” and “receiver”

TRANSMITTER
(TX)

RECEIVER
(RX)

ANTENNA
(TR)

SWITCH

4

Presenter
Presentation Notes
The first 60 years of Amateur Radio … separate TX and RX, with antenna switch.
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The Basic Transceiver
• Combination of 

“transmitter” and “receiver”
• Abbreviated “XCVR” 
(X = trans)
• Antenna switched 

between transmitter and 
receiver by the TR switch
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Transmit/Receive (TR) Switch
• TR switch allows a single antenna to be 

switched to the transmitter when sending and 
to the receiver when receiving.
–In a transceiver, the TR switch is inside the 

unit and operates automatically.
–Transceivers cannot transmit and receive at 

the same time like a telephone.
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The Basic Repeater
• Relays signals from low-power 

stations over a wide area
• Simultaneously re-transmits 

received signal on the same 
band

• TR switch replaced with 
duplexer which allows antenna 
to be shared without switching



DUPLEXER

9
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What Happens During Radio 
Communication? (Review)

• Transmitting (sending a signal):
–Information (voice, data, video, commands, etc.) 

is converted to electronic form.
–The information in electronic form is added to a 

radio wave.
–The radio wave carrying the information is sent 

from the station antenna into space.
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What Happens During Radio 
Communication? (Review)

• Receiving:
–The radio wave carrying the information is intercepted 

by the receiving station’s antenna.
–The receiver extracts the information from the 

received wave.
–The information is then presented to the user in a 

format that can be understood (sound, picture, words 
on a computer screen, response to a command, etc.).
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What Happens During Radio 
Communication? (Review)

• Adding and extracting the information can be simple 
or complex.

• This makes ham radio fun…learning all about how 
radios work.

• Don’t be intimidated. You will be required to only 
know the basics, but you can learn as much about 
the “art and science” of radio as you want.
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Filters
• Circuits that act on signals differently 

according their frequency.
• Filters can reject, enhance, or modify 

signals.
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Sample Plot of Filter Frequency 
Response

Presenter
Presentation Notes
Filters on your car radio – when you adjust the bass, treble, or midrange frequencies up or down, you are adjusting filter circuits.
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Types of Filters

Presenter
Presentation Notes
Filters on your car radio – when you adjust the bass, treble, or midrange frequencies up or down, you are adjusting filter circuits.
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Adding Information - Modulation
• When we add some information to the radio wave 

(the carrier), we modulate the wave.
• Morse code (CW), speech, data

• Different modulation techniques vary different 
properties of the wave to add the information:
• Amplitude, frequency, or phase
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Adding Information - Modulation
• Modulator and demodulator circuits

• Modulators add information to an RF signal, 
demodulators recover the information

• A circuit that generates an RF signal and adds the 
modulation to that signal is often called an exciter.

Presenter
Presentation Notes
Where would you find a modulator – in a transmitter, or a receiver?
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Adding Information - Modulation
• A circuit that generates an RF signal and adds the 

modulation to that signal is often called an exciter.
• In a transmitter, the exciter circuit is often followed 

by a mixer circuit that converts the modulated RF 
signal to the desired output frequency, and then a 
power amplifier circuit that boosts the output of 
the transmitter to the desired output power level.
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Changing Frequency - Mixers
• Signal frequencies can be changed by combining with 

another signal, called mixing
• Also referred to as heterodyning

• Two signals are combined in a mixer
• Generates mixing product signals
• Sum and difference of the input signals
• Shifts frequency by adding or subtracting
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Transverter
• Short for “transceiving converter” (XVTR)
• Converts a transceiver to operate on another band

• Usually to a higher frequency
• External mixers shift frequency

• Typical examples
• HF SSB/CW at 28 MHz converted to/from 222 MHz
• VHF SSB/CW at 144 MHz converted to/from 10 

GHz

Presenter
Presentation Notes
A lot of operation on the VHF and UHF bands is using Fm radios to chat across town. But some hams pursue making long-distance contacts on the VHF, UHF, and microwave bands by taking advantage of rare propagation afforded by the ionosphere, or by bouncing signals off airplanes, meteors, or even the moon. This long-distance communications generally makes use of what are called weak-signal modes, including CW, SSB, and digital modes like FT8.  
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Why use a transverter?

Presenter
Presentation Notes
HF radios excel at transmitting and receiving weak signal modes, but they only cover the ham bands up to 6 meters (50-54 MHz). And a good HF radio isn’t cheap. 

You can buy or build a weak-signal transceiver for the VHF or UHF bands, but it’s going to cost as much or more than your HF radio. That’s where transverters come in. If you already have an expensive and sophisticated HF radio, one or more relatively inexpensive transverters will allow you to use it for weak-signal work on the higher VHF, UHF, and microwave bands.
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Transverter

Presenter
Presentation Notes
Here is a picture of an outboard transverter. This will work with any brand of HF radio. You can see that the cxircuitry is fairly simple compared to Some HF radios allow you to install transverters inside the radio as an optional built-in feature to gain access to the additional bands.
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Changing Frequency - Mixers
• Signal frequencies can be changed by combining with 

another signal, called mixing
• Also referred to as heterodyning

• Two signals are combined in a mixer
• Generates mixing product signals
• Sum and difference of the input signals
• Shifts frequency by adding or subtracting

• Different than a multiplier which multiplies a signal’s 
frequency by some integer, usually 2 or 3
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FT-991A Receiver Block Diagram

Presenter
Presentation Notes
Here is a block diagram of just the receiver portion of a very popular entry-level HF radio, the Yaesu FT-991.  We’re not going into the details of this diagram, but I wanted to show you that this one radio has no fewer than five mixer circuits. And in addition to operating on all the HF Amateur Radio bands, it has transverter circuitry for operating on the 2 m and 70 cm bands.
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FT-991A Receiver Block Diagram

90% of the circuitry is shared no matter 
which band you are operating on.

Presenter
Presentation Notes
Except for some filter circuitry and an RF preamplifier circuit that are different for each band, the rest of the receiver, which is to say, 90% of its complexity, is common to all the bands that this radio operates on. Whichever ham band you are operating on, the incoming signal is converted to a frequency of 69.45 MHz for further processing. There is nothing magic about that frequency. It’s just a choice that the Yaesu engineers made when they designed the radio. They had their reasons, but that’s not something we need to concern ourselves with today.
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FT-991A Receiver Block Diagram

Right now, let’s focus in on just one of 
these mixers to get an idea of how it 
works.

Presenter
Presentation Notes
Except for some filter circuitry and an amplifier circuit that are different for each band, the rest of the receiver, which is to say, 90% of the complexity, is common to all the bands that this radio operates on. This is the mixer that comes into play when you are receiving on one of the HF bands.



62.25 + 7.2 = 69.45
62.25 - 7.2 = 55.05

69.45

RF STAGE ROOFING 
FILTER

LOCAL 
OSCILLATOR

7.2 MHz

62.25 MHz

MIXER

1ST IF STAGE
69.45 MHz

Yaesu FT-991A Receiver
(partial block diagram)

(40 M BAND)

Presenter
Presentation Notes
So how does this mixer work? A mixer is a component or circuit that produces sum and difference frequencies. In the case of a receiver, suppose we want to tune in an incoming signal on 7.2 MHz. In this radio, most of the signal processing – amplification, filtering, and demodulation – is done using an intermediate frequency of 69.45 MHz, no matter what the input frequency of the radio has been tuned to. The mixer is a circuit that translates the incoming frequency. The mixer has two inputs which are generally two different frequencies. The output of the mixer has signals at the sum and difference of the two input signals. 

There is one other word on this diagram that you may encounter on the exam. An oscillator is a circuit that produces an audio frequency or a radio frequency waveform. Oscillate is just a fancy word for vibrate. In this case, the oscillator is producing a pure unmodulated RF signal. – a sine wave, to be specific

So, when you tune your radio to 7.2 MHz, the microprocessor knows to sets the local oscillator  to exactly 62.25 MHz. The mixer produces signals at the sum and difference of those two incoming frequencies. Why 62.25? Because 62.25 + 7.2 equals 69.45, which is the frequency we are looking for. The output of the mixer also has a signal at 55.05 MHz, which is the difference between the two inputs. The roofing filter selects only signals that are very close to 69.45, and those are the signals that are processed.

Now, you don’t have to fully understand this to pass the test. I just wanted to give you a flavor of what is meant by sum-and-difference frequencies.
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•What you do have to remember:
• An oscillator is a circuit for producing an RF (or AF) 

signal.
• A mixer is a circuit that produces signals at the sum and 

difference of the two input frequencies. It is used to 
change the frequency of a radio frequency signal.

Oscillators and mixers are circuits inside every radio. If 
you go down to your local ham radio store and tell them 
you want to buy a mixer or oscillator, they’ll look at you 
funny.

Presenter
Presentation Notes
Now, I’m sure half of you are thinking, “Whoa, this is waaay too complicated.” So, relax. I wanted to give you a sense of what’s going on, because otherwise you are just memorizing definitions without having any idea of what it all means. And maybe, even though you didn’t completely understand everything I just said, perhaps you got the flavor it, and if nothing else, you heard me use the words in a sentence.  So here’s what you do need to know (two bullets).
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Sensitivity and Selectivity
• Two essential tasks for a receiver:

• Hear a signal and hear only one signal
• Sensitivity is a measure of how well the receiver can 

detect weak signals
• Selectivity is a measure of the receiver’s ability to 

discriminate between signals
• Preamplifiers make a receiver more sensitive (the 

preamplifier is added between antenna and receiver)
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Practice Questions
30
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What type of amateur station simultaneously 
retransmits the signal of another amateur station on 

a different channel or channels?
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What type of amateur station simultaneously 
retransmits the signal of another amateur station on 

a different channel or channels?

Repeater station
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Which term describes the ability of a receiver to 
detect the presence of a signal?
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Which term describes the ability of a receiver to 
detect the presence of a signal?

Sensitivity

Presenter
Presentation Notes
I want to call attention to the fact that sensitivity is a matter of degree. It’s not a question of whether a receiver is sensitive or not. It’s how sensitive the receiver is. A more sensitive receiver is better able to hear a weak signal than a less sensitive one.
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What is a transceiver?
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What is a transceiver?

A unit combining the functions of a transmitter 
and a receiver
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Which of the following is used to convert a radio 
signal from one frequency to another?
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Which of the following is used to convert a radio 
signal from one frequency to another?

Mixer
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Which term describes the ability of a receiver to 
discriminate between multiple signals?
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Which term describes the ability of a receiver to 
discriminate between multiple signals?

Selectivity

Presenter
Presentation Notes
As with sensitivity, selectivity is a matter of degree, not an all-or-nothing proposition.
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What is the name of a circuit that generates a 
signal of a desired frequency?
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What is the name of a circuit that generates a 
signal of a desired frequency?

Oscillator
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What device takes the output of a low-powered 
28 MHz SSB exciter and produces a 222 MHz 

output signal?
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What device takes the output of a low-powered 
28 MHz SSB exciter and produces a 222 MHz 

output signal?

Transverter

Presenter
Presentation Notes
Remember, a transverter allows you to use an HF radio on one or more of the VHF, UHF, or even microwave bands. 28 MHz is an HF band that is tuned by your HF transceiver.
The six meter ham band, 50 to 54 MHz, is the highest band covered by an HF radio, unless it has a transverter or seperate FM transceiver built in.
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Which of the following describes combining 
speech with an RF carrier signal?
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Which of the following describes combining 
speech with an RF carrier signal?

Modulation
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What device increases the low-power output 
from a handheld transceiver?



4848

What device increases the low-power output 
from a handheld transceiver?

An RF power amplifier



4949

Where is an RF preamplifier installed?
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Where is an RF preamplifier installed?

Between the antenna and receiver



End of Module 7


