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D Absorption Layer – This layer (35-60 miles) is created in the daytime when the solar radiation is strong.  Basically, all lower frequencies such as those in the 160m, 80m, 40m bands are absorbed during the day but as soon as the sun sets the D absorption layer disappears and DX becomes possible in these lower ham bands.  Thus, 20m band and higher are good for DX in the daytime and 160m, 80m and 40m are better for DX in the evening.
Sporadic E – The E Layer (60-80miles) produces unusual propagation effects for 10m, 6m and sometimes 2m.  At the E-Layer there are occasional patches of ionization that comes and goes sporadically.  Hence, the name Sporadic E.  For North America the peak period for Sporadic E is from mid-June through August.
F Layers – There are two F Layers (180-250 miles) F1 and F2.  The F layers starts out as one but splits into two layers as the sun ionization occurs throughout the day.  The F layers are the primary daytime DX skip layers.  With a height of 180 – 250 miles an RF signal launched at the appropriate angle and skip off the F1 Layer and land thousands of miles away. The 20 meter band uses the F layers for DX communication during the daylight hours.
Backscatter – This type of propagation occurs when RF signals are reflected 180o due to dust, moisture or other particulate matter in the atmosphere.
Gray-Line Propagation – The gray-line is the line along the earth where light and dark meet.  Essentially, it is dusk or dawn and has a north-south orientation.  For a short period of time along the light-dark band that runs north and south lower frequencies 160m, 80m, 40m, 30m bands will be reflected by the D-Layer.  
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Amateur Band Plan
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This is what an AM modulated carrier looks like on an oscilloscope.
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The left diagram of FIGURE 4-15 is a graphic representation (frequency plot) of FIGURE 4-13.  The graph on the right side of the of FIGURE 4-15 is the AM modulated signal once it is run through a “Mixer”.  Notice the carrier and the 2- side bands.
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FIGURE 4-25 IS A BLOCK DIAGRAM OF A SSB TRANSMITTER
Note that in FIGURE 4-25 a “Balanced Modulator” is used in this SSB Transmitter.  Why?  A Balanced Modulator, like a Mixer, will produce BOTH the USB and LSB of the original audio signal BUT unlike the Mixer it will suppress the AM carrier.  Note the Sideband Filter.  It is used to filter out either the USB or LSB depending on the ham band and/or service.  All this signal processing is done at very low power levels and passed through IF (Intermediate Frequency) filters to suppress any harmonics before being delivered to the “Linear Power Amplifier” and antenna system.
Why use USB or LSB instead AM? 
· AM modulated carriers were used first (early 20th century) simply because the transmitters and receivers were very simple to design and build but,
· The major disadvantage of AM was the enormous about of RF power required to broadcast a signal over long distances, not to mention the lower frequencies [ AM radio 550 KHz to 1.7 MHz @ 50 KW] where the antennas are gigantic [ 1 λ = 984 feet].  Why not use higher frequencies?  In the early 20th century, engineers had only simple devices like vacuum tubes and capacitors, inductors and resistors so higher frequencies were out of their reach technically.
· Over time (after the transistor was invented) higher frequencies were possible as well as the more complex receiver and transmitter designs to make USB and LSB communication technically possible and economical.
· Designers always knew SSB was good because compared to AM transmitters, SSB (i.e., USB or LSB) transmitters could broadcast the same audio information at lower power and half the frequency bandwidth.  These are the two main advantages of SSB over AM.
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There is no regulation or rule as to whether USB or LSB is used in any band but rather it is a “convention” that has come from the early days of ham radio or tradition.
The convention is:
· LSB:  40m, 80/75m, 160m
· USB:   20m  & above
· Exception 60m which is USB and channelized


The convention is said to be based on the design of an early SSB rig (circa late 40’s early 50’s) - Unconfirmed
The Intermediate Frequency (IF) of early SSB rigs was 9 MHz, which is 5 MHz below the bottom of 20 meters and 5 MHz above the top of 80 meters. When mixed with a 5-5.5 MHz VFO, the sum frequency was at 14.0-14.5 MHz, which covered 20 meters, and the difference frequency was at 4.0-3.5 MHz, which covered 80 meters.  With a VFO of 5 MHz mixed with 20M (14.0 MHz) the DSB frequencies were (14-5 MHz = 9MHz) and (14+5 MHz = 19 MHz) making the 9MHz IF filter usable on both 20 and 80 meter bands.  One filter across the different bands may have driven the USB/LSB convention.  Regardless the convention was set and all future radio designs used the current LSB/USB band convention and with all those millions of transceivers out there no one manufacturer was going to change it.
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Continuous wave (CW)
Morse code is called the original CW mode. Radio telegraphy is the direct on/off keying of a continuous wave carrier by Morse code symbols, often called amplitude-shift keying or ASK, may be considered to be an amplitude modulated mode of communications, and is rightfully considered the first digital { dot – dash) mode. Vail and Morse intuitively understood bandwidth efficiency in code design by associating the most frequently used letters in the alphabet to the fewest number of dots and/or dashes. Operators may either key the code manually using a telegraph key and decode by ear, or they may use computers to send and receive the code.
Modulated continuous wave (MCW) is most often used by repeaters for identification.
Frequency shifting continuous wave (FSCW) dots and dashes are transmitted at different frequencies for easier reception in noisy conditions.
Analog voice
Analog modulating waveforms applied to radio carriers were human voice signals picked up by microphone sensors and applied to the carrier waveforms. The resulting analog voice modes are known today as:
Amplitude modulation (AM)
Double-sideband suppressed carrier (DSB-SC)
Single sideband (SSB)
Frequency modulation (FM)
Phase modulation (PM)
Digital voice
Digital voice modes encode speech into a data stream before transmitting it.
D-STAR - Open specification with proprietary vocoder system available from Icom, Kenwood, and FlexRadio Systems. Uses AMBE (Advanced Multiband Excitation) codec over GMSK (Gaussian Minimum Shift Keying) with VoIP (Voice over Internet Protocol) capabilities.
DMR - Found in both commercial and public safety equipment from multiple vendors. Uses AMBE codec over a FSK (Frequency Shift Keying) modulation variant with TDMA (Time Division Multiple Access).
System Fusion - Open specification with proprietary vocoder system available from Yasesu. Uses AMBE codec with C4FM modulation.
Image
Image modes consist of sending either video or still images.
Amateur television, also known as Fast Scan television (ATV)
Slow-scan television (SSTV)
Facsimile
Text and Data
Most amateur digital modes are transmitted by inserting audio into the microphone input of a radio and using an analog scheme, such as amplitude modulation (AM), frequency modulation (FM), or single-sideband modulation (SSB).  But there are a growing number of digital text and data transfer modulation techniques in use today.  Because all radio transmission is analog and subject to all types of noise, converting images, voice, or messages to digital data makes it easier for the receiver to discriminate from a “0” or “1” than a continuously vary analog signal.  The downside is it takes a lot of digital data ( 1’s and 0’s) and resultant bandwidth to represent an analog signal a.k.a. analog to digital conversion.  Thus, using digital modulation schemes to send text or data to represent analog information can be a very efficient way to communicate.
Audio Frequency shift keying (AFSK)
Amateur teleprinting over radio (AMTOR)
D-STAR (Digital Data) a high speed (128 kbit/s), data-only mode.
Discrete multi-tone modulation modes such as Multi Tone 63 (MT63)
Multiple frequency-shift keying (MFSK) modes such as
FSK441, JT6M, JT65, and FT8
Packet radio (AX25)
Amateur Packet Radio Network (AMPRNet)
Automatic Packet Reporting System (APRS)
PACTOR (AMTOR + packet radio)
Phase-shift keying (PSK)
31 baud binary phase shift keying: PSK31
31 baud quadrature phase shift keying: QPSK31
63 baud binary phase shift keying: PSK63
63 baud quadrature phase shift keying: QPSK63
Frequency Shift Keying (FSK)
Radioteletype (RTTY) Frequency-shift keying

Reference:  Figures from:  Information Transmission, Modulation, and Noise by Mischa Schwartz Second Edition McGraw-Hill Copyright 1970
Author:  David Deas NØUXR
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FIG. 4-15 Amplitude-modulation spec-
trum-periodic modulating signal.
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