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Class 4
Ham Radio Technician Course

Leslie Rohde, N7LER • leslie@n7ler.com • Cell Phone: 
512.207.0539
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Keywords
• ITU
• FCC
• VE
• VEC
• RACES
• ARES
• PEP

• Broadcasting 
• One-Way 

Communication
• Repeater
• Control point
• Control operator
• Station Licensee
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More Keywords
• Automatic Control
• Remote Control
• Call Sign
• Tactical Call Sign
• Indicator
• Third Party 

Agreement

• Club Station
• CTCSS
• DCS
• DTMF
• Repeater Offset
• Offset Direction
• Band Plan
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Even More Keywords?
• Simplex
• Duplex
• “Reverse” function
• QRM, QRN, QRP
• QSO, QSL, QSY
• Net Control Station
• “Traffic”

• ”Check”
• Picket Fencing
• Flat topping
• Wavelength
• Frequency
• RF
• EMF
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OMG Make it Stop!
• Meteor scatter
• Auroral backscatter
• Knife-edge 

Diffraction
• Tropospheric 

Ducting
• D, E, F1, F2
• Farad

• AM, FM, SSB
• VFO
• RIT / Clarifier
• DMR, D-STAR
• Volts, Amps, Ohms
• Hertz
• PEP
• Henry
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Magic Numbers
• Speed of light
• Rule of 3s
• 2m National Calling 

Frequency
• 2m repeater offset
• 70cm repeater offset
• 219-220 MHz

• 3dB
• 6dB
• 10dB
• License Term
• License Grace Period
• Our ITU region
• Grid Square
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Computers and Radios
Living in Harmony
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Computers and Radios Living Together
• PTT <= a pin on a serial output port
• Mic In <= Audio ("Sound Card") Output
• Speaker out => Audio ("Sound Card") 

Input
• Add Software and Stir
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OR: Embed the Computer in the Radio
• Automatic Packet Reporting System 

(APRS)
• Report location and other data
• Common use is automated weather 

stations
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The Ultimate Morse Code Cheat
• Electronic Keyer
• Software to Decode as Well

11

The Grandaddy of Digital Modes
RTTY
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Explosion of Newer/Better Digital Modes!
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WSJT Software
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What is One Big Advantage 
of Digital Modes?
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Even Radios are Online
• Gateways
• EchoLink
• WinLink
• IRLP
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Online 
SDRs
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TV is Just Radio So…
• Fast Scan - a 6MHz wide transmission
• Slow Scan is just 3kHz
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Space Stations
• Definition:
– A transmitter 50 KMs above the earth

• Beacons
• Repeaters
• Manned spacecraft
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The International Space Station
and other Satellites
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OSCAR 1
• Built by amateurs
• Cost $63
• Launched 4 years after Sputnik-1
• First "piggyback" satellite
• First private spacecraft
• Operated for 22 days

23
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Many
more
since
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Amateur
Clean
Room
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Most are in Low Earth Orbit (LEO)
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Partnership
with ESA
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Doppler Shift
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The Frequency of the Signal 
Changes
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Police Radar
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Weather Radar
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Wind Farm Interference
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Satellite Communications
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Receiver Incremental Tuning 
(RIT)
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Satellite U/V Mode
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Modulation

37

The “Time Domain”

Am
pl
itu

de
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The “Frequency Domain”

Ham Radio
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The Sound “Frequency Domain”

Frequency
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Time vs. Frequency
Fixed
Frequency
Signal

Frequency
Spectrum
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AM
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Carrier Amplitude Modulated by a Pure 
Tone

Carrier Only

Modulated Signal

Time Domain Frequency Domain
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The Two Features of Audio
• Frequency
• Amplitude

44



10/18/23

23

AM Voice Modulation
• The deviation = voice frequency
• Voice amplitude changes power output 
• Filter limits audio frequency to 3kh
• Max Deviation is 3khz
• There are two sidebands
• The total bandwidth is 6khz
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Amplitude Modulation

The information you want to transmit - such as your voice

The radio frequency you want to use

The signal that comes out of the radio
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Transmitting and Receiving an AM Signal

Modulator Demodulator
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AM
Transmitter
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Modulation Creates Two Products

C - Carrier Frequency
M – Modulation
Frequency
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It’s Sorta Like a Chord

C-M +M
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AM Has Two “Sidebands”

Frequency

Am
pl

itu
de
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Can We Make AM Better?
• Most of the power is in 

the carrier
• The upper and lower 

sidebands are the same!
• Let’s remove the carrier and one 

sideband
• We call that SINGLE SIDEBAND
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SSB
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SSB Voice Modulation
• Starts with an AM signal
• Filter out one sideband
• Bandwidth is half the AM bandwidth
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Single Side Band Signals

Carrier and Upper
sideband Filtered

out
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Single Sideband Modulation
• SSB is amplitude modulation with the 

carrier and one of the side lobes 
removed

• No carrier power is
transmitted

• Only one copy of the 
modulation is transmitted

Frequency

Am
pl

itu
de
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What If We Disagree on Carrier 
Frequency?

Modulator Demodulator
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As You Move “C” the Pitch of “M” Changes

C +M
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Being Upside Down Sounds Really Weird!

C+M
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SSB is Always Tuned by Ear
• But you do need to get the 

choice of sideband correct
• We do upper on higher bands 

(20m and above)
• We do lower on lower bands  

(40m, 80m, 160m)
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FM
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FM Modulation is More Complicated
• We still need to transmit

both frequency and amplitude
• But FM output power does not change
• We encode both amplitude and 

frequency with just frequency!
• Let’s start with a simpler case
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AM vs. FM

63

Frequency Modulation

The information you want to transmit - such as your voice

The radio frequency you want to use

The signal that comes out of the radio
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FSK Modulation
• Only 2 amplitudes in the data
• Output jumps between two frequencies
• Max deviation is

twice the higher
deviation [1 in this case]
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FM Audio Modulation
• Both amplitude and frequency change the 

deviation
• By how much?
• “Peak Deviation”
• The amount that

amplitude changes
frequency 
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Why Use Different Types of Modulation
• AM?

– Just say no!  It’s too inefficient
• SSB?

– Most efficient transmission of voice
• CW?

– Just showing off?
– Very efficient
– Great for noisy conditions and weak signals

• FT8/JS8Call/etc/etc
– Even more efficient than CW and can work when nothing else will

• FM?
– Nearly cell phone quality
– VHF and above
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The Secret is in the Bandwidth
• CW: 150 Hz
• SSB: 3 KHz
• FM: 10-15 KHz
• Fast Scan TV: 6 MHz
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Modulation Demo
• https://www.youtube.com/watch?v=W7Z

0U49i7a4
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More Fun With Modulation
• https://www.youtube.com/watch?v=Ru2UOSwRzt4
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https://www.youtube.com/watch?v=W7Z0U49i7a4
https://www.youtube.com/watch?v=Ru2UOSwRzt4
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The Frequency Domain
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Deviation
• How Much Something Was Changed
• In our case, a frequency
• Carrier is deviated by modulation
• More deviation uses more bandwidth
• Kind of Modulation Changes the Math
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Time & Frequency Shown Together

73


