
  
  
      
        
          Ham Radio General Class License Study Guide

          Upgrade Your License! Move Beyond the Basics of Amateur Radio, Ace the FCC Exam and Expand Your On-Air Reach

		      
          Morse Code Publishing

        

        
          
          
        

      

    


  
  


Copyright © 2025 by Morse Code Publishing 

All rights reserved.

The content contained within this book may not be reproduced, duplicated, or transmitted without direct written permission from the author or the publisher. 

Under no circumstances will any blame or legal responsibility be held against the publisher or author for any damages, reparation, or monetary loss due to the information contained within this book, either directly or indirectly.

Legal Notice:

This book is copyright-protected. It is only for personal use. You cannot amend, distribute, sell, use, quote, or paraphrase any part of this book's content without the author's or publisher's consent.

Disclaimer Notice:

Please note the information contained within this document is for educational and entertainment purposes only. All efforts have been executed to present accurate, up-to-date, reliable, and complete information. No warranties of any kind are declared or implied. Readers acknowledge that the author does not render legal, financial, medical, or professional advice. The content within this book has been derived from various sources. Please consult a licensed professional before attempting any techniques outlined in this book.

By reading this document, the reader agrees that under no circumstances is the author responsible for any direct or indirect losses incurred as a result of the use of the information contained within this document, including, but not limited to, errors, omissions, or inaccuracies.







  
    
      Contents

    

    
      
        
        
          
      	
      
      
        Introduction
        
        
            
            
            
            
    
      

    
        
        
        
          
      	
      
      
        Section 1: The General Class License Exam
        
        
          
            
            
            
            
        
            
              
      	
      
      
        1.
        
         Design of this Book
        
        
            
            
            
            
    
      

    
            
              
      	
      
      
        2.
        
        Why Upgrade to General?
        
        
            
            
            
            
    
      

    
            
              
      	
      
      
        3.
        
        The Exam
        
        
            
            
            
            
    
      

    
            
        
            
            
          

          
    
      

    
        
        
        
        
        
        
        
        
        
          
      	
      
      
        Section 2: The Science of Radio
        
        
          
            
            
            
            
        
            
              
      	
      
      
        4.
        
        Propagation
        
        
            
            
            
            
    
      

    
            
              
      	
      
      
        5.
        
        Modulation and Bandwidth
        
        
            
            
            
            
    
      

    
            
              
      	
      
      
        6.
        
        Frequency
        
        
            
            
            
            
    
      

    
            
              
      	
      
      
        7.
        
        Electrical Components
        
        
            
            
            
            
    
      

    
            
              
      	
      
      
        8.
        
        Power
        
        
            
            
            
            
    
      

    
            
        
            
            
          

          
    
      

    
        
        
        
        
        
        
        
        
        
        
        
        
        
          
      	
      
      
        Section 3: The Physical Radio Station
        
        
          
            
            
            
            
        
            
              
      	
      
      
        9.
        
        Equipment
        
        
            
            
            
            
    
      

    
            
              
      	
      
      
        10.
        
        Circuit Components and Design
        
        
            
            
            
            
    
      

    
            
              
      	
      
      
        11.
        
        Circuit Diagrams
        
        
            
            
            
            
    
      

    
            
              
      	
      
      
        12.
        
        Mobile Stations
        
        
            
            
            
            
    
      

    
            
              
      	
      
      
        13.
        
        Feedlines
        
        
            
            
            
            
    
      

    
            
              
      	
      
      
        14.
        
        Antennas
        
        
            
            
            
            
    
      

    
            
              
      	
      
      
        15.
        
        Directional Antennas
        
        
            
            
            
            
    
      

    
            
              
      	
      
      
        16.
        
        Specialized Antennas
        
        
            
            
            
            
    
      

    
            
              
      	
      
      
        17.
        
        Power
        
        
            
            
            
            
    
      

    
            
              
      	
      
      
        18.
        
        Electrical Safety
        
        
            
            
            
            
    
      

    
            
              
      	
      
      
        19.
        
        Antenna Safety
        
        
            
            
            
            
    
      

    
            
        
            
            
          

          
    
      

    
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
          
      	
      
      
        Section 4: Operating Your Radio
        
        
          
            
            
            
            
        
            
              
      	
      
      
        20.
        
        Ham Radio Jargon
        
        
            
            
            
            
    
      

    
            
              
      	
      
      
        21.
        
        Voice Communication
        
        
            
            
            
            
    
      

    
            
              
      	
      
      
        22.
        
        Continuous Wave
        
        
            
            
            
            
    
      

    
            
              
      	
      
      
        23.
        
        Digital 
        
        
            
            
            
            
    
      

    
            
              
      	
      
      
        24.
        
        Interference
        
        
            
            
            
            
    
      

    
            
        
            
            
          

          
    
      

    
        
        
        
        
        
        
        
        
        
        
        
        
        
          
      	
      
      
        Section 5: Rules & Regulations
        
        
          
            
            
            
            
        
            
              
      	
      
      
        25.
        
        Frequency Privileges and Band Plans
        
        
            
            
            
            
    
      

    
            
              
      	
      
      
        26.
        
        Adhering to FCC Rules
        
        
            
            
            
            
    
      

    
            
              
      	
      
      
        27.
        
        Rules for the General Exam
        
        
            
            
            
            
    
      

    
            
        
            
            
          

          
    
      

    
        
        
        
        
        
        
        
        
        
          
      	
      
      
        Section 6: Further Expanding Your Ham Experience
        
        
          
            
            
            
            
        
            
              
      	
      
      
        28.
        
        The Responsibility and Excitement of Amateur Radio
        
        
            
            
            
            
    
      

    
            
        
            
            
          

          
    
      

    
        
        
        
        
        
          
      	
      
      
        Keeping the Hobby Alive & Growing
        
        
            
            
            
            
    
      

    
        
        
        
          
      	
      
      
        Conclusion
        
        
            
            
            
            
    
      

    
        
        
        
          
      	
      
      
        References
        
        
            
            
            
            
    
      

    
        
        
      

    

  


  
  
Introduction




Welcome to the next chapter in your amateur radio journey! 

I'm thrilled to be a part of it. Not long ago, I was right where you are—excited to go beyond my Technician Class License and eager to earn my General. 

This upgrade opened up a new world of long-distance communications that I was excited to try out. I wrote this book to help you experience that excitement based on what I found helped me pass my exam.

This book is your study guide to that next chapter – the General Class License. 

With "Ham Radio General Class License Study Guide: Upgrade Your License! Move Beyond the Basics of Amateur Radio, Ace the FCC Exam, and Expand Your On-Air Reach," you're getting a roadmap designed to help you ace the FCC exam and gain access to new frequencies, modes, and connections.

This guide goes beyond simply passing the test; it is about building a richer understanding of amateur radio. I've included all the FCC exam questions, correct answers, practice exams, and practical strategies to help make the material stick. My goal is to simplify your study process, keep you engaged, and give you the confidence to tackle this exam.

Consider this book as your reliable companion on your General Class license path. It's here to make even the trickiest parts of the exam feel straightforward, preparing you not only to pass but to truly appreciate the expanded privileges that come with your new license.

So, if you're a current ham operator ready to take that next big step or someone passionate about deepening your understanding of amateur radio, this book is for you. 

The book is organized into four main sections: Rules & Regulations, Operating Your Radio, The Physical Radio Station, and The Science of Radio. Each section aligns with the sub-elements of the General Class License exam. This structure ensures comprehensive coverage of all topics, making it easy to navigate and focus on specific areas.

One of the unique points of this book is its practical approach. It combines theoretical knowledge with real-world applications, making the learning process relevant and engaging. Memorable mnemonics, clear explanations, and practical examples help reinforce one's understanding of key concepts.

Now, it is your turn! As you finish this book, you will be equipped and ready to upgrade your license. The path to becoming a General Class License holder is within your reach. This book is your guide, mentor, and companion on this exciting journey.

The airwaves are waiting for you to expand your reach. Welcome to the General Class!

Jared Johnson (KF0RTU/AG) @ Morse Code Publishing








  
  
The General Class License Exam




The General Class License is your gateway to expanded privileges. With this upgrade, you'll gain access to a wider range of frequencies and operating modes, opening the door to global communication and advanced technical skills. 

Earning this license demonstrates your commitment to learning and going beyond the basics of radio. The exam covers a variety of topics, ensuring you're prepared for the challenges and opportunities of being a General Class operator. By passing this exam, you'll not only enhance your skills but also become a more versatile and capable member of the ham radio community.








  
  

Chapter 1

 Design of this Book





The aim of this book is to help you achieve three goals: 


	Move beyond the basics and expand your knowledge of amateur radio.


	Prepare for and pass the FCC exam to obtain your General license.


	Equip you to expand your reach and connect globally over the airwaves!





This book is divided into four core sections: The Science of Radio, The Physical Radio Station, Operating Your Radio, and Rules & Regulations. We conclude with a final section on further expanding your skills and knowledge.

Each part of this book forms a critical element in our teaching approach. Together, they work to strengthen your understanding and knowledge of ham radio, leading you toward success.

[image: ]

The Science of Radio

This section covers the technical side of radio communication. We'll break down essential topics like wave propagation, modulation, and frequency, along with the types of signals and how they move through the atmosphere. These concepts are the building blocks for understanding how radio waves work and how you can use them to communicate.

The Physical Radio Station

Here, we explore the physical setup of your station. From antennas and feedlines to transceivers and power supplies, you'll learn about the key components of a working radio station. We'll also touch on how to design your station and troubleshoot problems so you're always ready to connect with others.

Operating Your Radio

This section is all about hands-on experience. You'll learn to make contacts, use repeaters, and operate in CW, SSB, and digital modes. We'll also cover the basics of clear communication, handling interference, and safety. By the end, you'll be confident in running your station efficiently and responsibly.

Rules & Regulations

This area covers the legal side of amateur radio. We'll review FCC regulations, band plans, licensing, and operator responsibilities. Knowing these rules is critical to ensuring safe and lawful use of the radio spectrum while avoiding interference with other users.

Our Teaching Framework

Our approach to teaching integrates all four sections—Rules & Regulations, The Radio Science, The Physical Radio Station, and Operating Your Radio—so that each part builds on the others. For example, understanding wave propagation will help you improve your station setup and operating skills while knowing the rules ensures you follow proper procedures.

This interconnected method will give you a well-rounded and deeper understanding of amateur radio, ensuring you're ready for the General exam. At the end of the book, you'll find a complete index to each exam question. This will enable you to quickly and easily reference key materials to review as needed. 

A quick word of encouragement: expanding your skills in amateur radio can seem like a lot at first, but it's all about focusing on the core ideas. You don't have to memorize everything—just focus on the fundamental principles that drive the field. Once you understand these, you'll see that most other details are variations or applications of these basics.

This book is designed to be straightforward and practical, providing just the information you need without getting bogged down in unnecessary detail. By mastering the core principles and seeing how they fit together, you'll find that what once seemed complicated is now clear and manageable.

Keeping Information Accurate

We've worked hard to make sure the material in this book is accurate and up to date. However, the world of amateur radio continues to evolve, and sometimes mistakes can slip through. If you spot any errors or outdated information, please let us know! Your feedback helps us keep this book current and useful for future readers. 

You can reach me at Jared@MorseCodePublishing.com. 

Thank you for helping us keep this resource valuable for everyone!








  
  

Chapter 2

Why Upgrade to General?





Upgrading from the Technician to the General license brings several exciting and practical benefits, significantly expanding an amateur radio operator's capabilities. 

One of the most substantial upgrades is access to a broader range of high-frequency (HF) bands, which allows operators to communicate over long distances, including global communication, rather than being mainly limited to local and regional contacts on VHF and UHF. 

You'll gain access to portions of popular bands like 80, 40, 20, and 15 meters, which are beneficial for long-distance communication (DXing). But that's not all—you'll also have operating privileges on portions of less commonly used bands such as 160, 60, 30, 17, 12, and 10 meters. This broader spectrum opens up a wide range of frequencies and modes, enhancing your ability to connect with stations across the globe, often under various propagation conditions.

With these additional bands, General license holders can explore broader access with modes such as SSB (Single Sideband), CW (Morse Code), and various digital modes like FT8 and PSK31, which are popular for DX communication.

One of the most compelling reasons to upgrade is the increased power limit. As a General Class licensee, you can legally transmit using up to 1500 watts of PEP (Peak Envelope Power) on most HF bands. This allows you to boost your signal strength, which can be invaluable during challenging propagation conditions or when trying to reach distant stations.

This upgrade also enhances the opportunity to experiment with and fine-tune operating techniques and radio equipment, making it ideal for operators who enjoy the technical aspects of radio. Additionally, access to expanded HF privileges opens doors to participating in more contests, emergency communications, and social networks with amateur operators worldwide, fostering a richer and more versatile ham radio experience. 

By upgrading, you'll expand your capabilities in terms of spectrum and power and the variety of ways you can communicate. The General Class license is a gateway to a broader and more exciting amateur radio experience, whether chasing DX, experimenting with digital modes, or enjoying more flexible operating privileges.

Overall, the General license offers both practical tools and a greater sense of freedom on the air.

Onward and upward to General!








  
  

Chapter 3

The Exam





Imagine the sense of accomplishment as you key your first transmission using your new General call sign. To reach this milestone, a well-structured and carefully laid out study plan is needed. 

Upgrading from a Technician to a General license involves steps designed to ensure you are well-prepared for the additional responsibilities and privileges. The first step is to commit to studying for the General exam, and as you are already reading this part of the book, I think we are good here!

This exam is more challenging than the Technician exam, requiring a deeper understanding of various topics. Consistent study sessions are important and should be scheduled. Allocate specific times each week dedicated to studying different sections of the exam. 

Preparing for the Exam

In the first book in this series, Ham Radio Technician Class License Study Guide: From Beginner to Licensed! Master the Fundamentals of Amateur Radio, Ace the FCC Exam, and Get on the Air with Confidence, we provided an entire chapter on how to study and feel confident in your study sessions. We will not repeat that here but will provide you with a free downloadable copy of that chapter to use if needed.

[image: ]
How to Study

As you work through this book, treat the questions and answers as part of the regular content—they're integrated in a way to help reinforce your learning. Each question appears alongside four possible answers, with the correct one bolded for easy identification. Additionally, important details in the surrounding text will be underlined, signaling key information directly related to the exam question.

For instance, take a look at this exam question. 


What is a geomagnetic storm? (G3A06)

A. A sudden drop in the solar flux index

B. A thunderstorm that affects radio propagation

C. Ripples in the geomagnetic force

D. A temporary disturbance in Earth's geomagnetic field



Read the question and answers as part of the regular text. They are designed to be read as you find them. Now, focus on the bolded answer and examine the incorrect distractors. Do you understand why they are incorrect? This teaching method will emphasize both the correct answers and the insights provided by the distractors. It’s not just about memorizing this one question but also about grasping the core knowledge surrounding it.

Practice Exams

Taking practice exams as part of your study plan is much like rehearsing for a big performance—it offers a critical snapshot of how well you've retained the material and highlights areas that may need more focus. Regularly taking practice exams helps gauge your understanding and prepares you for the exam's structure and timing.

We've included 16 practice exams — yes, 16! Why in the world are there so many? It's important to experience every possible exam question at least once in the format you'll encounter on test day. Section G8C has sixteen potential questions, and since only one will appear on the actual exam, we constructed 16 practice tests to ensure you're ready for whichever one comes your way.

And so be confident. If you can pass these 16 practice exams, the actual exam will be a breeze.

[image: ]
Practice Exams

Scheduling Your Practice Exams

As your exam day draws nearer, try to increase the frequency of your practice exams. In the final weeks before the test, aim to recreate exam conditions as closely as possible. Find a quiet place where you won't be disturbed and time yourself just as you would in the exam setting. This method not only aids in solidifying your knowledge but also helps reduce any nerves by familiarizing you with the pacing and structure of the test. It's also a great way to practice time management, ensuring you can confidently complete all sections within the given timeframe.

The Exam Format

The exam is designed to assess your knowledge across various topics. While it includes similar subject matter to the Technician exam, the General Class questions dive deeper into the technical details, ensuring you're well-prepared for the expanded privileges.

The General Class exam includes 35 multiple-choice questions, and to pass, you'll need to correctly answer at least 26, which is a score of 74%. 

The Sub-Elements of the Exam

Understanding how the exam content is weighted helps prioritize your study efforts. The exam sub-elements are weighted differently, which means that some sub-elements will have more questions on the exam than others. This insight directs your focus to areas needing a more robust review. 

For instance, you will see two times as many questions about FCC rules (5 questions) as you will for Safety (2). While having well-rounded knowledge is important, emphasizing these heavier-weighted areas can increase your chances of a successful outcome. See below for each sub-element and the number of questions for each sub-element on the exam.

Sub-elements on the General exam:


	Commission's Rules: (5 questions from this sub-element will be on the exam)


	Operating Procedures: (5 questions from this sub-element will be on the exam)


	Radio Wave Propagation (3 questions)


	Amateur Radio Practices (5 questions)


	Electrical Principles (3)


	Circuit Components (2)


	Practical Circuits (3)


	Signals and Emissions (3) 


	Antennas and Feed Lines (4)


	Safety (2)





For a total of 35 exam questions. 

Taking Your Exam

We are going to make an assumption at this point. The assumption is that you took and passed your Technician's exam. Therefore, you know about FRN (FCC Registration Number) and how to navigate the FCC Website. 

You also should know how to schedule your exam since you've already done it for the Technician’s. All this to say, we will list some high-level resources below but won't go into as much detail as we did in the Technician's Study Guide. If you do have questions, please reach out, and we would be happy to fill in any details for you, just in case it's been a while since your Technician's exam: Jared@MorseCodePublishing.com

Schedule Your Exam

Visit the ARRL website and navigate to the search for exam session page. Register for the exam that works for you.

	
https://www.arrl.org/find-an-amateur-radio-license-exam-session

	Or type into Google, "Find an Amateur Radio License Exam in Your Area," and click on the ARRL site that comes up








Exam Day

Exam day represents the culmination of all your hard work and preparation as you take a significant step toward upgrading your amateur radio license. Focusing on mental and physical readiness is important to perform at your best.

Bring a valid photo ID, such as a driver's license or passport. Minors may need a school ID and possibly a guardian's ID. You'll also need any previous Amateur Radio licenses or Certificates of Successful Completion (CSCE), two pencils, a pen, a calculator with cleared memory, and the exam fee. Cell phones and other electronic devices with calculator functions are prohibited. 

This should all be a reminder.

After successfully passing, you'll need to complete and submit the necessary paperwork and fees with assistance from the Volunteer Examiners (VEs). Once everything is processed, your new General Class license will be issued, granting you broader operating privileges.

With that overview out of the way, let's begin studying for your General Class License!








  
  
The Science of Radio




The Science of Radio forms the foundation of everything we do as amateur radio operators. Understanding the principles behind how radio waves travel, interact with the environment, and carry information is essential to becoming a skilled and effective operator. This section dives into the technical concepts that make radio communication possible. 

By exploring these core topics, you'll gain a deeper appreciation for the physics and engineering behind the signals you transmit and receive. Whether you're building antennas, optimizing your equipment, or troubleshooting issues, the knowledge in this section will empower you to tackle challenges with confidence and curiosity. Mastering the science of radio is not only a key step in passing the General Class License exam but also in unlocking the full potential of amateur radio.








  
  

Chapter 4

Propagation





Understanding propagation is a cornerstone of effective radio communication. Propagation refers to the way radio waves travel from a transmitter to a receiver, and it’s influenced by a variety of factors, including frequency, atmospheric conditions, and the environment. 

For General Class license holders, knowing how propagation works is necessary to maximize the reach and reliability of their transmissions. Whether it’s bouncing signals off the ionosphere for long-distance communication or using ground waves for local coverage, mastering propagation concepts will empower you to adapt to different operating conditions and make the most of your equipment. 

This chapter explores key propagation topics, giving you the knowledge needed to communicate effectively across the bands and pass your exam.

Propagation Types

Line-of-Sight

Line-of-sight propagation is the simplest form, applicable primarily to VHF and UHF communications. These signals travel in a straight line from the transmitter to the receiver, making them ideal for short-range communications. However, obstacles like buildings or hills can block these signals, limiting their range. This mode is commonly used in urban environments and local communications, where clear paths between antennas are maintained.

The Technician's exam largely covered aspects of line-of-sight propagation. 

Ground

Ground wave propagation is another particularly relevant mode for HF communications over short distances. These waves follow the contour of the Earth, bending slightly to maintain contact with the ground. Ground waves are most effective at lower frequencies, covering distances up to several hundred miles. This mode is less affected by obstacles than line-of-sight, making it reliable for regional communications. However, ground wave signals gradually lose strength as they travel, and the Earth's curvature and terrain limit their range.

Skywave

Skywave propagation, also known as ionospheric reflection or skip propagation, is the key to long-distance HF communications. In this mode, radio waves are reflected or refracted ("skipped") by the ionosphere, a layer of the Earth's atmosphere filled with charged particles. This natural phenomenon allows signals to travel beyond the horizon, bouncing between the ionosphere and the Earth's surface to cover thousands of miles. Skywave propagation (skip propagation) is highly effective for global communication, enabling contact with stations on different continents.

The distance a signal can "skip" depends on factors like the frequency, the ionosphere layer it bounces off, and the current solar activity. Higher ionospheric layers, like the F2 region, typically enable longer skip distances.

Skip Zone

A transmitting station's "skip zone" is an area surrounding the transmitter where radio signals sent via skywave propagation cannot be received. This happens because the ionosphere refracted the radio waves at distances farther away from the station, skipping over the region closest to the transmitter. The signal is reflected to Earth farther out, leaving a gap between the point where ground wave signals weaken and the area where skywave signals return.

To visualize it, imagine the radio signal bouncing off the ionosphere like a ball. The signal travels upward, skipping over nearby areas and returning to Earth farther away. The skip zone is the area in between—where neither ground waves nor skywave signals reach effectively. Think of this as a kind of no man’s land. This can be an issue for stations trying to communicate with nearby locations using higher-frequency signals that rely on ionospheric reflection.

[image: ]

Scatter

However, with all things related to radio waves, it is not quite that simple. Scatter propagation is a type of propagation that allows signals to be heard in the transmitting station's skip zone. Instead of the signal being fully absorbed or reflected to Earth by the ionosphere, a portion of the signal is scattered in different directions by irregularities in the ionosphere or the Earth's atmosphere. This scattering can cause weak signals to reach areas within the skip zone, where normal ground-wave or skywave signals would not be heard.

Think of scatter propagation as "filling in the gap." It lets signals get through to areas typically skipped over by direct ionospheric reflection, making communication possible even in the zones close to the transmitter that are usually silent.


What type of propagation allows signals to be heard in the transmitting station's skip zone? (G3C09)

A. Faraday rotation

B. Scatter

C. Chordal hop

D. Short-path



HF Scatter

HF scatter signals often have a characteristic fluttering or wavering sound. This occurs because the signal is scattered in multiple directions by irregularities in the ionosphere, causing parts of the signal to take different paths and arrive at slightly different times. The result is a fluctuating, unstable signal that creates a noticeable "flutter" when received.


What is a characteristic of HF scatter? (G3C06)

A. Phone signals have high intelligibility

B. Signals have a fluttering sound

C. There are very large, sudden swings in signal strength

D. Scatter propagation occurs only at night



HF scatter signals sound distorted because the radio wave's energy is scattered into the skip zone through several paths. As the signal encounters irregularities in the ionosphere, parts of it are reflected or refracted in multiple directions. These scattered signal portions take slightly different routes, meaning they arrive at the receiver at different times. This causes the signal to blend together unevenly, resulting in a distorted or fluttering sound.

Scatter propagation creates a "multi-path effect," where the signal is split and reassembled imperfectly at the receiver. This scattering process produces a signal that sounds less clear and distorted than a direct or single-path signal.


What makes HF scatter signals often sound distorted? (G3C07)

A. The ionospheric region involved is unstable

B. Ground waves are absorbing much of the signal

C. The E region is not present

D. Energy is scattered into the skip zone through several different paths



And finally, HF scatter signals in the skip zone are usually weak because only a small portion of the signal's energy is scattered into this area. Instead of the entire signal being reflected to Earth, most of the signal follows the regular skywave propagation path, skipping over the zone. The small amount of energy that does get scattered by irregularities in the ionosphere is spread out in various directions, meaning only a tiny fraction reaches the skip zone, resulting in a much weaker signal.


Why are HF scatter signals in the skip zone usually weak? (G3C08)

A. Only a small part of the signal energy is scattered into the skip zone

B. Signals are scattered from the magnetosphere, which is not a good reflector

C. Propagation is via ground waves, which absorb most of the signal energy

D. Propagation is via ducts in the F region, which absorb most of the energy



Short & Long Path

Short-path and long-path propagation refer to two different routes a radio signal can take when traveling using skywave propagation.


	Short-path propagation is the signal's most direct route between two locations, typically following the shortest distance over the Earth's surface. The signal bounces off the ionosphere and returns to Earth after covering the shortest distance between the transmitter and receiver. For example, suppose you're communicating with someone on the opposite side of the continent. In that case, the signal will likely travel in a short arc across the globe.


	Long-path propagation is when the signal travels the long way around the Earth, taking the opposite direction. Instead of following the shortest route, the signal bounces off the ionosphere. It travels around the other side of the globe before reaching the receiver. This long-path route often takes several times the distance of the short path, which causes the signal to arrive slightly later.





Both types of propagation can happen simultaneously, especially on higher HF bands. When a skywave signal reaches your location through both short-path and long-path propagation, you might hear a slightly delayed echo. 

This happens because the signal takes two different routes to get you: the short path, the most direct route, and the long path, which travels around the Earth in the opposite direction. Since the long-path signal has a greater distance to travel, it arrives a fraction of a second later, creating the echo effect.


What is a characteristic of skywave signals arriving at your location by both short-path and long-path propagation? (G3B01)

A. Periodic fading approximately every 10 seconds

B. Signal strength increased by 3 dB

C. The signal might be cancelled, causing severe attenuation

D. A slightly delayed echo might be heard



An easy way to remember this for the exam is to think of the signal as taking "two routes" to get to you. The short path is the quick way, while the long path takes the scenic route around the globe. The result is that slight delay, which you hear as an echo, making this a distinctive characteristic of skywave signals.

Ionospheric Propagation

Picture yourself standing at the edge of a vast ocean. You know there are islands in the distance, but you cannot see them. Instead, you rely on the waves to carry messages across the expanse. In the world of amateur radio, the ionosphere serves a similar purpose. It is an invisible but powerful medium that allows your signals to travel vast distances, bouncing off its layers like stones skipping across water. As you upgrade to a General Class license, understanding ionospheric propagation becomes more essential for optimizing your communication reach, given your expanded HF privileges. 

[image: ]

The ionosphere is a region of the Earth's upper atmosphere that overlaps with parts of the mesosphere, thermosphere and exosphere. It is crucial in long-distance radio communication. It is composed of several layers filled with ions and free electrons created by the interaction of solar radiation with atmospheric particles. These layers are not rigid but dynamic, fluctuating in response to solar activity and atmospheric conditions. The ionosphere is typically divided into three primary layers: the D layer, the E layer, and the F layer. Each of these layers has unique characteristics that influence radio wave propagation.

When radio waves have frequencies below the Maximum Usable Frequency (MUF) and above the Lowest Usable Frequency (LUF), the ionosphere refracts or bends them back to Earth. More on MUF and LUF coming up. This allows long-distance communication by "skipping" the signal between the Earth and the ionosphere. The ionosphere acts like a mirror for these frequencies, reflecting them rather than letting them escape into space.


How does the ionosphere affect radio waves with frequencies below the MUF and above the LUF? (G3B05)

A. They are refracted back to Earth

B. They pass through the ionosphere

C. They are amplified by interaction with the ionosphere

D. They are refracted and trapped in the ionosphere to circle Earth



D Layer

The D layer, situated between 50 and 90 kilometers (30-90 miles) above the Earth, is the lowest of the ionospheric layers and closest to the Earth. It forms during the daytime when high-energy X-rays and ultraviolet (UV) light from the Sun ionize atmospheric particles. The D layer is known for its absorbent properties, particularly affecting low-frequency signals. As radio waves pass through this layer, they can experience significant attenuation, reducing their strength. 


Which ionospheric region is closest to the surface of Earth? (G3C01)

A. The D region

B. The E region

C. The F1 region

D. The F2 region



During the day, it plays an key role in absorbing low-frequency radio waves, which can weaken or block those signals from traveling far. The D region of the ionosphere is the most absorbent of signals below 10 MHz during daylight hours. 


Which ionospheric region is the most absorbent of signals below 10 MHz during daylight hours? (G3C11)

A. The F2 region

B. The F1 region

C. The E region

D. The D region



As a result, long-distance communication during the day on the 40-, 60-, 80-, and 160-meter bands is more difficult because the D region of the ionosphere absorbs signals at these frequencies. The Sun's radiation increases the ionization in the D region, which causes it to absorb lower-frequency/longer-wavelength signals, making it harder for them to travel long distances.


Why is long-distance communication on the 40-, 60-, 80-, and 160-meter bands more difficult during the day? (G3C05)

A. The F region absorbs signals at these frequencies during daylight hours

B. The F region is unstable during daylight hours

C. The D region absorbs signals at these frequencies during daylight hours

D. The E region is unstable during daylight hours



However, the D region almost disappears at night, allowing these signals to travel greater distances.

An easy way to remember this is to think of "D" for "Daytime Absorption." The D region is most active and absorbent when the Sun is out. At night, the D region loses much of its ionization, allowing those same signals to travel farther with less interference. So, if you're trying to communicate on these lower frequencies, nighttime will be your friend!

E Layer

Above the D layer lies the E layer, which extends from about 90 to 120 kilometers (60-70 miles) above the Earth. This layer is less dense than the D layer but still significantly influences radio wave propagation. 

When a radio signal bounces off the E region of the ionosphere, it typically covers a distance of up to 1,200 miles (about 1,930 kilometers) in one "hop" before it returns to Earth. The E region can reflect signals in the 3 to 30 MHz range (HF Range). This makes it useful for medium-distance communication, allowing operators to reach stations within a 1,200-mile radius without relying on ground-wave propagation.


What is the approximate maximum distance along the Earth's surface normally covered in one hop using the E region? (G3B10)

A. 180 miles

B. 1,200 miles

C. 2,500 miles

D. 12,000 miles



One notable phenomenon associated with the E layer is Sporadic E propagation. Sporadic E occurs when dense patches of ionization form within the E layer, reflecting VHF signals over long distances. This can enable unexpected and fascinating communication opportunities, particularly during the summer months when Sporadic E activity peaks. However, the E layer weakens at night, reducing its impact on signal propagation.

If you aim to cover even greater distances, multiple hops or higher layers like the F region come into play. But for one hop, the E region is perfect for those medium-range contacts!

F Layer

The F layer, located between 240 and 500 kilometers above the Earth (150-300 miles), is the highest and most critical layer for long-distance HF communication. This greater altitude (highest) allows radio signals to travel much farther before bouncing back to Earth, resulting in longer skip distances. 


Why is skip propagation via the F2 region longer than that via the other ionospheric regions? (G3C03)

A. Because it is the densest

B. Because of the Doppler effect

C. Because it is the highest

D. Because of temperature inversions



During the daytime, the F layer splits into two sub-layers: F1 and F2. 

The F1 layer resides at lower altitudes and has moderate ionization levels, while the F2 layer, higher up, has the highest concentration of ions and free electrons. 

The F2 region is the highest ionospheric layer. It remains ionized at night, making it ideal for long-distance communication, especially on the higher HF bands (3 to 30 MHz).  Signals can reflect off the F2 layer, allowing them to travel thousands of kilometers and enabling global communication. In fact, in one hop, signals can typically cover a distance of up to 2,500 miles (about 4,000 kilometers) along the Earth's surface. Basically, double the distance of the E layer.


What is the approximate maximum distance along the Earth's surface normally covered in one hop using the F2 region? (G3B09)

A. 180 miles

B. 1,200 miles

C. 2,500 miles

D. 12,000 miles



This is why ham radio operators can reach contacts halfway around the world with the help of the F2 layer, particularly during periods of good solar activity.

To remember this, think of the "F2" layer as the "Far-reaching" layer, enabling signals to travel great distances, up to 2,500 miles in just one bounce.

Critical Frequency

The term "critical frequency" refers to the highest frequency that can be refracted or bent back to Earth by the ionosphere at a given incidence angle (the angle at which the signal is transmitted). Suppose a signal is transmitted at a frequency higher than the critical frequency. In that case, it will pass through the ionosphere and escape into space instead of being reflected back to Earth.


What is meant by the term "critical frequency" at a given incidence angle? (G3C02)

A. The highest frequency which is refracted back to Earth

B. The lowest frequency which is refracted back to Earth

C. The frequency at which the signal-to-noise ratio approaches unity

D. The frequency at which the signal-to-noise ratio is 6 dB



Think of the "critical frequency" as the upper limit for successful skywave communication at a specific angle. When your transmission frequency is below the critical frequency, the ionosphere will reflect the signal back to Earth. If you go above it, the signal won't return, making it necessary to know this limit for effective long-distance communication.

Critical Angle

The "critical angle" in radio wave propagation refers to the highest angle at which a radio signal can be transmitted and still return to Earth by the ionosphere. Suppose the signal is sent at a higher angle than the critical angle. In that case, it will pass through the ionosphere and not be reflected, effectively disappearing into space. The critical angle is determined by specific ionospheric conditions, including the density and height of the ionized layers, which can vary based on factors like solar activity and time of day.


What does the term "critical angle" mean, as applied to radio wave propagation? (G3C04)

A. The long path azimuth of a distant station

B. The short path azimuth of a distant station

C. The lowest takeoff angle that will return a radio wave to Earth under specific ionospheric conditions

D. The highest takeoff angle that will return a radio wave to Earth under specific ionospheric conditions



To determine the critical angle for radio wave propagation, you need to consider two main factors: the frequency of the signal you're transmitting and the ionospheric conditions.

Here's a simplified explanation of how it works:


	Ionospheric Density: The ionosphere's ability to reflect a signal depends on its level of ionization, which varies by time of day, solar activity, and atmospheric conditions. The more ionized the layer, the higher the frequency of signals it can reflect.


	Frequency: The higher the frequency of your signal, the smaller the critical angle. If the signal is transmitted at an angle that is too high, it will escape into space instead of being reflected back to Earth.





Calculating the critical angle requires complex formulas, but in practice, it is often determined through real-time propagation prediction tools or trial and error by adjusting your antenna's takeoff angle and experimenting with different frequencies. 

An easy way to remember this is to consider the critical angle as the "ceiling" for successful signal reflection. If you go above that ceiling, your signal escapes the ionosphere. Still, if you stay below it, your signal will bounce back to Earth, allowing you to communicate over long distances. 

Maximum & Lowest Usable Frequency

In radio communication, MUF (Maximum Usable Frequency) and LUF (Lowest Usable Frequency) are terms used to describe the limits within which a radio frequency can be successfully transmitted over long distances through the ionosphere.


	MUF (Maximum Usable Frequency): This is the highest/ maximum frequency at which a radio wave can be transmitted (used) between two points by refracting off the ionosphere under specific conditions. Signals above the MUF will typically pass through the ionosphere into space rather than being refracted back to Earth. The MUF changes with factors like time of day, season, and solar activity, generally increasing with stronger solar activity.


	LUF (Lowest Usable Frequency): This is the lowest frequency that can propagate between two points without significant signal degradation due to ionospheric absorption or other losses. Frequencies below the LUF will often be absorbed in the D-layer of the ionosphere, especially during the daytime. The LUF is affected by atmospheric conditions and can vary based on the same factors as the MUF. However, it tends to be more susceptible to increased ionization and lower at night.






What does MUF stand for? (G3B08)

A. The Minimum Usable Frequency for communications between two points

B. The Maximum Usable Frequency for communications between two points

C. The Minimum Usable Frequency during a 24-hour period

D. The Maximum Usable Frequency during a 24-hour period






What does LUF stand for? (G3B07)

A. The Lowest Usable Frequency for communications between two specific points

B. Lowest Usable Frequency for communications to any point outside a 100-mile radius

C. The Lowest Usable Frequency during a 24-hour period

D. Lowest Usable Frequency during the past 60 minutes



LUF marks the minimum frequency needed to avoid excessive absorption by the ionosphere, ensuring your signal can travel the distance. Staying above the LUF helps to maintain a strong, stable connection.

Radio waves with frequencies below the Lowest Usable Frequency (LUF) are usually attenuated, or weakened before they can reach their intended destination. This happens because lower frequencies are more susceptible to absorption by the ionosphere, particularly in the D layer during the daytime. As a result, these signals lose strength and can fade out before they have the chance to refract back to Earth and complete the long-distance communication path.


What usually happens to radio waves with frequencies below the LUF? (G3B06)

A. They are refracted back to Earth

B. They pass through the ionosphere

C. They are attenuated before reaching the destination

D. They are refracted and trapped in the ionosphere to circle Earth



Frequencies below this threshold get absorbed rather than reflected, which means they won't be able to travel far enough to connect with distant stations. Staying above the LUF ensures that your signal is strong enough to overcome ionospheric absorption and reach its destination.

MUF (Maximum Usable Frequency) and LUF (Lowest Usable Frequency) guide operators in selecting the ideal frequency range for long-distance HF communication. Staying within this "sweet spot" ensures signals are refracted back to Earth rather than escaping into space (above the MUF) or being absorbed by the atmosphere (below the LUF). This balance is key to reliable, effective communication.

Factors Impacting MUF

The MUF is influenced by several key factors: path distance and location, time of day and season, and solar radiation and ionospheric disturbances.


	Path distance and location affect the MUF because longer paths generally require higher frequencies to maintain a connection, as the ionosphere needs to refract the signal over a greater distance. 


	Time of day and season are also important—during daylight hours and summer months, increased solar radiation causes more ionization in the ionosphere, which typically raises the MUF. Conversely, ionization decreases at night and in winter, often lowering the MUF. 


	Solar radiation and ionospheric disturbances play a significant role, too. High solar activity, such as sunspots and solar flares, increases ionization and can raise the MUF, while disturbances like geomagnetic storms can disrupt the ionosphere and reduce the MUF.






What factors affect the MUF? (G3B02)

A. Path distance and location

B. Time of day and season

C. Solar radiation and ionospheric disturbances

D. All these choices are correct



Remember MUF as being shaped by the "when" (time and season), the "where" (path and location), and the "what" (solar activity) of your signal path. Together, these elements determine the highest frequency that will reliably refract back to Earth for effective communication.

How to Determine MUF & LUF

For long-distance skip propagation, a frequency just below the Maximum Usable Frequency (MUF) will experience the least attenuation. The MUF represents the highest frequency that can be reliably refracted back to Earth by the ionosphere. Using a frequency just below the MUF ensures that the signal will be strong enough to avoid excessive absorption and reach distant stations with minimal loss of strength.


Which frequency will have the least attenuation for long-distance skip propagation? (G3B03)

A. Just below the MUF

B. Just above the LUF

C. Just below the critical frequency

D. Just above the critical frequency



By operating just below this boundary, you're optimizing your signal for minimal attenuation, ensuring it can travel long distances with reduced fading and signal loss. This choice of frequency helps maintain a clear, stable connection over vast areas.

To figure out the Maximum Usable Frequency (MUF) and Lowest Usable Frequency (LUF), operators rely on a combination of propagation tools, real-time data, and practical experience. Here's a simplified process:

Determining MUF


	Ionospheric Data: Operators use online resources like ionospheric maps, space weather updates, or tools such as the VOACAP (Voice of America Coverage Analysis Program) to check real-time ionospheric conditions.


	Calculation or Software: MUF is typically calculated based on the critical frequency (the highest frequency that will reflect at vertical incidence) and the transmission angle. Many propagation prediction tools automatically perform this calculation.


	Trial and Error: Operators can test various frequencies within their band privileges to find the highest frequency that supports reliable communication over the intended path.





Determining LUF


	Atmospheric Noise and Absorption: The LUF is influenced by atmospheric conditions, signal strength, and noise levels. Operators look at propagation tools and band reports to assess how lower frequencies are performing.


	Trial and Error: Testing the lower frequencies and monitoring signal quality can help determine the point below which communication becomes unreliable.





Practical Tools


	Software Solutions: Tools like VOACAP, HamCAP, or even smartphone apps provide predictions for MUF and LUF based on input parameters like time, date, location, and solar activity.


	Online Resources: Websites and live propagation maps offer up-to-date MUF and LUF values, as well as solar indices like the K-index or solar flux, which affect propagation.





By combining these tools with experience, operators can effectively select the optimal frequencies for communication under varying propagation conditions.

LUF exceeds MUF

When the Lowest Usable Frequency (LUF) exceeds the Maximum Usable Frequency (MUF), ordinary skywave communication over that path becomes impossible. This situation occurs because the ionosphere can no longer support the reflection of any frequencies within the usable range. The ionosphere absorbs signals below the LUF, and signals above the MUF pass through it without being refracted back to Earth, leaving no viable frequencies for long-distance communication.


What happens to HF propagation when the LUF exceeds the MUF? (G3B11)

A. Propagation via ordinary skywave communications is not possible over that path

B. HF communications over the path are enhanced

C. Double-hop propagation along the path is more common

D. Propagation over the path on all HF frequencies is enhanced



To remember this for the exam, think of the LUF and MUF as the boundaries of a usable "window" for HF propagation. If the LUF rises above the MUF, this "window" closes, preventing effective skywave communication on that path. In such cases, operators might need to wait until conditions change and the LUF drops below the MUF to restore reliable HF propagation.

When could this happen?

The situation where the Lowest Usable Frequency (LUF) exceeds the Maximum Usable Frequency (MUF) typically occurs during severe ionospheric disturbances or under extreme conditions that disrupt normal skywave propagation. Here are some specific scenarios when this might happen:

1. Severe Solar Storms


	During a major solar flare or coronal mass ejection (CME), the D-layer of the ionosphere becomes highly ionized, drastically increasing absorption of lower frequencies. This causes the LUF to rise significantly.


	Simultaneously, the upper ionospheric layers (E and F layers) may become unstable or depleted, reducing the MUF as they lose their ability to refract higher frequencies.





2. Geomagnetic Storms

	Intense geomagnetic activity can disrupt the ionosphere’s structure, creating turbulent and irregular ionization patterns. This can cause both higher absorption (raising the LUF) and a loss of higher-frequency reflectivity (lowering the MUF).




3. Nighttime on Low-Solar-Activity Cycles

	During periods of very low solar activity (solar minimum), combined with nighttime conditions, the ionosphere becomes weakly ionized. The MUF drops significantly as the F-layer loses its ability to reflect higher frequencies, while increased D-layer absorption raises the LUF.




4. Polar Regions During Auroral Events

	In polar regions, auroral events caused by charged particles from the sun can severely disrupt the ionosphere. This leads to extreme absorption at lower frequencies (high LUF) while destabilizing higher-frequency propagation (low MUF).




Practical Example:

Imagine you’re trying to use HF communication during a solar storm. The usual bands, like 20 meters, which might normally support propagation for long-distance communication, fail because the LUF has risen to, say, 18 MHz, while the MUF has dropped to 12 MHz. There is no frequency band in the HF range that can propagate via skywave, effectively blocking communication on that path.

Understanding these conditions allows operators to switch to alternative methods, such as VHF/UHF communication or digital modes that rely on internet-linked systems during such challenging times.

Near Vertical Incidence Skywave

Near Vertical Incidence Skywave (NVIS) propagation is a method of using medium-frequency (MF) or high-frequency (HF) radio waves to communicate over short distances by transmitting signals at high elevation angles—almost straight up into the sky. These signals bounce off the ionosphere and are reflected back to Earth, covering areas within a range of about 200 to 400 miles (300 to 600 kilometers). This technique is instrumental in hilly or mountainous regions where direct line-of-sight communication isn't possible.

NVIS propagation is closely related to the concept of critical angle. In NVIS, radio signals are transmitted to the ionosphere at a very high angle—almost straight up. For the signal to be refracted back to Earth (rather than passing through the ionosphere into space), the frequency must be below the critical frequency, and the angle of transmission must be lower than the critical angle.


What is near vertical incidence skywave (NVIS) propagation? (G3C10)

A. Propagation near the MUF

B. Short distance MF or HF propagation at high elevation angles

C. Long path HF propagation at sunrise and sunset

D. Double hop propagation near the LUF



The critical angle determines the maximum angle at which a signal can still be refracted by the ionosphere and returned to Earth. For NVIS to work, the signal is transmitted at a near-vertical angle below the critical angle. This ensures the signal is bent back down over a short distance, enabling effective local communication. So, NVIS relies on using frequencies low enough (below the critical frequency) to allow this high-angle reflection.

Solar Activity

The Sun and its activities play an interesting role in radio communication, particularly for operators using HF bands. The Sun constantly emits energy in the form of electromagnetic radiation and charged particles, which interact with Earth's atmosphere and magnetic field. This solar energy, especially during periods of high activity like solar flares and increased sunspot numbers, enhances the ionosphere's ability to refract radio waves to Earth, making long-distance communication possible. 

However, solar activity can be a double-edged sword. While it can improve signal propagation, intense solar events like geomagnetic storms can also disrupt communications. 

Solar Cycle

The solar cycle spans approximately 11 years and alternates between solar maximum and minimum periods. During solar maximum, increased solar activity boosts ionization, while during solar minimum, activity is reduced and propagation conditions are weaker.

The cycle begins at a solar minimum when the Sun has few or no sunspots and low solar activity. It gradually builds up to a solar maximum, where sunspot numbers and solar activity peak. After the maximum, the activity declines again, leading to the following solar minimum.

The solar cycle is crucial for radio operators because solar activity directly affects ionospheric conditions, which influences HF radio wave propagation. During high solar activity (solar maximum) periods, more sunspots increase ionization in the ionosphere, improving HF propagation, especially on higher frequencies. Conversely, lower solar activity can lead to poorer HF propagation during solar minimums, particularly at higher frequencies.

As of January 2025, we are in Solar Cycle 25, which began in December 2019. Solar cycles typically last about 11 years, with activity peaking around the midpoint. Predictions indicate that Solar Cycle 25 will reach its maximum in July 2025. 

Increased solar activity during this period can enhance ionospheric propagation, benefiting long-distance radio communications. However, it also raises the likelihood of solar flares and geomagnetic storms, which can disrupt communications and affect satellite operations. Staying informed about solar activity is crucial for radio operators to optimize performance and mitigate potential disruptions.

Exam question time.

The 20-meter band (14 MHz) typically supports worldwide propagation during daylight hours at any point in the solar cycle. The 20-meter band is well-suited for long-distance communication, regardless of whether solar activity is high or low. While higher solar activity (during solar maximum) enhances propagation on many bands, the 20-meter band remains reliable for worldwide communication even during solar minimum, making it a popular choice for amateur operators seeking consistent long-distance contacts.


At what point in the solar cycle does the 20-meter band usually support worldwide propagation during daylight hours? (G3A07)

A. At the summer solstice

B. Only at the maximum point

C. Only at the minimum point

D. At any point



Remember, the solar cycle is a natural rhythm of the Sun's activity that peaks and wanes every 11 years, and this cycle heavily impacts radio communication conditions.

28 Day Cycle

HF propagation conditions vary in a 26- to 28-day cycle due to the Sun's rotation around its axis. The Sun rotates once approximately every 27 days, causing different features on its surface, such as sunspots and coronal holes, to periodically face Earth. As these solar features come into view, they affect Earth's ionosphere by altering how radio waves are refracted, resulting in changes to HF propagation. For instance, when an active region with sunspots or a coronal hole rotates into view, it can either enhance or disrupt HF communication, depending on the solar activity.


What causes HF propagation conditions to vary periodically in a 26- to 28-day cycle? (G3A10)

A. Long term oscillations in the upper atmosphere

B. Cyclic variation in Earth's radiation belts

C. Rotation of the Sun's surface layers around its axis

D. The position of the Moon in its orbit



Think of the Sun as a rotating "influencer" that regularly changes the conditions we experience on Earth. As the Sun's surface turns, different areas emit solar wind and radiation that impact HF propagation, leading to a repeating cycle of conditions roughly every 27 days.

Understanding the impact of solar activity helps radio operators predict and adapt to changing conditions for optimal performance. Also, if you follow any Ham Radio groups on Facebook, there is always lots of chatter and excitement around the Sun’s activities. 

Solar Flares

Solar flares are a sudden burst of intense radiation. These flares can cause sudden ionospheric disturbances (SIDs), leading to short-term radio fade-outs or enhanced absorption of electromagnetic waves. 

The increased ultraviolet (UV) and X-ray radiation from a solar flare affects radio propagation on Earth in approximately 8 minutes. This is because it takes about 8 minutes for the radiation from the Sun to travel 93 million miles to Earth, moving at the speed of light. Once this radiation reaches our planet, it can immediately cause disturbances in the ionosphere, particularly on the sunlit side of Earth, leading to short-term radio signal blackouts or fading.


Approximately how long does it take the increased ultraviolet and X-ray radiation from a solar flare to affect radio propagation on Earth? (G3A03)

A. 28 days

B. 1 to 2 hours

C. 8 minutes

D. 20 to 40 hours



Solar flares send bursts of intense radiation that disrupt radio communications quickly after they happen, giving operators little time to prepare once the flare occurs.

Impact from Sudden Ionospheric Disturbances

A sudden ionospheric disturbance (SID) disrupts daytime ionospheric propagation, especially affecting lower-frequency signals. When a SID occurs—often triggered by a solar flare—it floods the ionosphere with intense ultraviolet and X-ray radiation. This extra energy causes increased ionization, particularly in the D layer, which absorbs lower-frequency HF signals and weakens or blocks them from being refracted back to Earth.


What effect does a sudden ionospheric disturbance have on the daytime ionospheric propagation? (G3A02)

A. It enhances propagation on all HF frequencies

B. It disrupts signals on lower frequencies more than those on higher frequencies

C. It disrupts communications via satellite more than direct communications

D. None, because only areas on the night side of the Earth are affected



While higher frequencies may still get through, lower frequencies are much more likely to be absorbed, disrupting long-distance communication on those bands during the day.

Sunspots

A sunspot is a temporary dark spot that appears on the surface of the Sun due to lower temperatures compared to the surrounding areas. These spots are caused by intense magnetic activity, which inhibits the transfer of heat to the surface, making them cooler and darker than the surrounding solar material. While they may look small in images, sunspots can be massive, often much larger than Earth.

Sunspots are important to radio operators because they are closely linked to solar activity, which can enhance ionospheric conditions for radio wave propagation. A higher sunspot number generally improves HF propagation, particularly at higher frequencies. Sunspots are indicators of increased solar activity, which boosts the amount of solar radiation reaching Earth's ionosphere. This extra energy causes more ionization in the ionospheric layers, allowing higher-frequency radio waves (such as those on the 10, 12, and 15-meter bands) to be reflected to Earth more efficiently. As a result, long-distance communication on these higher frequencies becomes more reliable and effective.


How does a higher sunspot number affect HF propagation? (G3A01)

A. Higher sunspot numbers generally indicate a greater probability of good propagation at higher frequencies

B. Lower sunspot numbers generally indicate greater probability of sporadic E propagation

C. A zero sunspot number indicates that radio propagation is not possible on any band

D. A zero sunspot number indicates undisturbed conditions



Conversely, low sunspot numbers result in reduced ionization, negatively affecting long-distance communication. So, while sunspots may look dark and calm, they are actually dynamic regions driving much of the sun's activity that directly impacts amateur radio propagation.

Coronal Mass Ejection

A Coronal Mass Ejection (CME) is a large burst of plasma and magnetic field from the Sun's corona, the outermost layer of the Sun's atmosphere. During a CME, billions of tons of charged particles are ejected into space, traveling at high speeds. When these charged particles interact with Earth's magnetic field, they can cause geomagnetic storms, which can impact radio communications, satellite operations, and power grids.

For radio operators, CMEs are significant because they can disrupt HF radio signals by disturbing the ionosphere, leading to degraded signal quality or complete signal loss. Conversely, CMEs can also produce auroras, enhancing VHF signal propagation for short periods by providing an additional reflective surface for signals.

A CME takes much longer than a solar flare to affect radio propagation on Earth, usually between 15 hours and several days. CMEs are massive clouds of plasma and magnetic fields ejected from the Sun, and they travel much slower than the radiation from a solar flare. When a CME reaches Earth, it can cause significant disturbances in the geomagnetic field.


How long does it take a coronal mass ejection to affect radio propagation on Earth? (G3A11)

A. 28 days

B. 14 days

C. 4 to 8 minutes

D. 15 hours to several days



A CME is a "slow but powerful storm" compared to the almost immediate impact of a solar flare. While solar flare effects are felt in minutes, CMEs take much longer to travel from the Sun to Earth, but their impacts can last longer and be more widespread once they arrive.

Solar Flare vs Coronal Mass Ejection

A coronal mass ejection (CME) is different from a solar flare. However, they both originate from the Sun and can affect radio communications on Earth.


	Solar Flare: A solar flare is a sudden, intense burst of energy and radiation from the Sun's surface, mainly in the form of electromagnetic waves like X-rays and ultraviolet light. Their impact is felt within 8 minutes. Solar flares can affect radio propagation almost immediately, especially on Earth's daylit side, causing disturbances in the ionosphere. This can lead to short-term radio signal blackouts on HF bands, known as radio blackouts or fade-outs.


	Coronal Mass Ejection (CME): Conversely, a CME involves the ejection of large amounts of plasma and magnetic fields into space. Unlike solar flares, CMEs take longer (15 hours to several days) to reach Earth, but they can cause geomagnetic storms when they do. These storms affect radio communications and satellite operations and can also cause auroras, which sometimes improve VHF propagation.





In summary, solar flares impact radio signals quickly and briefly. CMEs have a delayed but often longer-lasting effect due to their impact on Earth's magnetic field. Both disrupt HF communications but in different ways.

Coronal Holes

A solar coronal hole is a region on the Sun's corona (the outer atmosphere) where the Sun's magnetic field is open, allowing solar wind to escape more readily into space. When viewed in ultraviolet or X-ray light, these regions appear darker than the surrounding areas because they are cooler and less dense. Coronal holes are sources of high-speed solar wind streams, which can travel faster than the solar wind from other parts of the Sun.

When charged particles from solar coronal holes reach Earth, they can disturb HF communication. The high-speed solar wind released from these coronal holes interacts with Earth's magnetic field, causing geomagnetic disturbances. These disturbances disrupt the ionosphere. As a result, long-distance HF communication can become unreliable, with signals fading or wholly blocked.


How is long distance radio communication usually affected by the charged particles that reach Earth from solar coronal holes? (G3A14)

A. HF communication is improved

B. HF communication is disturbed

C. VHF/UHF ducting is improved

D. VHF/UHF ducting is disturbed



The charged particles they send toward Earth create geomagnetic disturbances that make it harder for radio signals to travel long distances, leading to poor HF propagation until the disturbance passes. Unlike solar flares or coronal mass ejections, the effects of coronal holes are usually less intense but can last longer.

Geomagnetic Storms


What is a geomagnetic storm? (G3A06)

A. A sudden drop in the solar flux index

B. A thunderstorm that affects radio propagation

C. Ripples in the geomagnetic force

D. A temporary disturbance in Earth's geomagnetic field



A geomagnetic storm is a temporary disturbance in Earth's geomagnetic field caused by solar activity like solar flares or coronal mass ejections (CMEs). When these bursts of solar energy reach Earth, they interact with our planet's magnetic field, disrupting it.

Just like a thunderstorm can disrupt your day, a geomagnetic storm disrupts radio signals by causing disturbances in the ionosphere, making communication more challenging until the storm subsides.

A geomagnetic storm can significantly degrade HF propagation, especially in high-latitude regions. When solar activity disturbs Earth's geomagnetic field, it disrupts the ionosphere, which is essential for reflecting HF radio signals back to Earth. This disturbance can cause HF signals to fade, become unreliable, or even be blocked entirely, particularly in areas closer to the poles with the strongest geomagnetic effects.

High-latitude operators may experience poor or no signal reception during these storms because the ionosphere becomes too unstable to effectively reflect HF signals to Earth.


How can a geomagnetic storm affect HF propagation? (G3A08)

A. Improve high-latitude HF propagation

B. Degrade ground wave propagation

C. Improve ground wave propagation

D. Degrade high-latitude HF propagation



On the other hand, high geomagnetic activity can benefit radio communications by creating auroras, which can reflect VHF signals. During intense solar activity, such as a geomagnetic storm, charged particles from the Sun interact with Earth's magnetic field and atmosphere, creating beautiful auroras (northern and southern lights). These auroras can act like mirrors in the sky, reflecting VHF signals and allowing communication over longer distances than usual. Hopefully you remember this piece from the tech exam. Or maybe you even tried it!

While geomagnetic storms often disrupt HF communications, they can enhance VHF communications by temporarily allowing signals to reflect off the ionized particles in the auroras, making long-distance VHF contacts possible.


How can high geomagnetic activity benefit radio communications? (G3A09)

A. Creates auroras that can reflect VHF signals

B. Increases signal strength for HF signals passing through the polar regions

C. Improve HF long path propagation

D. Reduce long delayed echoes



Measuring Earth's Geomagnetic Field

The A-index and K-index are two key measurements that help radio operators understand the stability of Earth's geomagnetic field and how it affects radio wave propagation. While both indices measure geomagnetic activity, they do so over different time frames. 

The K-index focuses on short-term changes, providing a snapshot of geomagnetic disturbances over a 3-hour period, which helps track immediate conditions that might disrupt HF communications. 

It is a measurement of the short-term stability of Earth's geomagnetic field. It ranges from 0 to 9 and indicates how much Earth's magnetic field is being disturbed by solar activity. A low K-index (0-1) means the geomagnetic field is calm and stable. At the same time, a higher K-index (5 or above) indicates significant disturbances, such as those caused by solar storms. High K-index values can lead to disruptions in HF communications and can also affect satellite systems.


What does the K-index measure? (G3A12)

A. The relative position of sunspots on the surface of the Sun

B. The short-term stability of Earth's geomagnetic field

C. The short-term stability of the Sun's magnetic field

D. The solar radio flux at Boulder, Colorado



In contrast, the A-index offers a longer-term view, averaging geomagnetic activity over an entire 24-hour period to show the overall stability of the Earth's magnetic field. 

The A-index measures the long-term stability of Earth's geomagnetic field. Unlike the K-index, which tracks short-term fluctuations, the A-index provides an average value over 24 hours to show the overall level of geomagnetic activity. It is expressed on a scale from 0 to 400, with lower numbers indicating stable conditions and higher numbers reflecting more significant disturbances. A low A-index means conditions are calm, which is ideal for radio propagation. At the same time, a high A-index suggests ongoing geomagnetic instability, which can degrade HF communication.


What does the A-index measure? (G3A13)

A. The relative position of sunspots on the surface of the Sun

B. The amount of polarization of the Sun's electric field

C. The long-term stability of Earth's geomagnetic field

D. The solar radio flux at Boulder, Colorado



These indices give radio operators a comprehensive picture of geomagnetic conditions, helping them anticipate short-term and long-term effects on signal propagation.

Low Solar Activity

The 15-meter, 12-meter, and 10-meter bands are the least reliable for long-distance communications during periods of low solar activity. These higher-frequency HF bands depend heavily on strong ionization in the ionosphere to reflect signals to Earth for global communication. During low solar activity, like at the solar minimum, less solar radiation reaches the ionosphere, reducing its ability to reflect signals at these higher frequencies. As a result, signals on these bands are more likely to pass through the ionosphere instead of being refracted back to Earth, making them unreliable for long-distance contact.


Which of the following are the least reliable bands for long-distance communications during periods of low solar activity? (G3A04)

A. 80 meters and 160 meters

B. 60 meters and 40 meters

C. 30 meters and 20 meters

D. 15 meters, 12 meters, and 10 meters



Think of these bands as "high-frequency fair-weather friends." They perform best when solar activity is high, and the ionosphere is energized. Still, they struggle to support long-distance propagation during quiet periods, making lower-frequency bands like 20 meters more dependable in those conditions.

Solar Flux Index (SFI)

The Solar Flux Index (SFI) is a measure of solar radiation at a wavelength of 10.7 centimeters (about 2800 MHz), which is emitted by the Sun's outer layers. This index is used as an indicator of solar activity, as higher values generally correlate with increased ionization in the ionosphere. Higher SFI readings often mean better HF propagation, mainly on higher frequencies, since the increased solar radiation boosts the ionosphere's ability to reflect radio waves.


What is the solar flux index? (G3A05)

A. A measure of the highest frequency that is useful for ionospheric propagation between two points on Earth

B. A count of sunspots that is adjusted for solar emissions

C. Another name for the American sunspot number

D. A measure of solar radiation with a wavelength of 10.7 centimeters



Think of the Solar Flux Index as a "solar energy gauge." When the SFI is high, it signals that the Sun is more active, which typically enhances HF communication conditions by energizing the ionosphere. Monitoring the SFI helps radio operators predict when conditions will be favorable for long-distance communication.

Why did the 10.7 cm get called out? The 10.7-centimeter wavelength was specifically chosen for the Solar Flux Index because it is a reliable and consistent indicator of solar activity that correlates well with the levels of ionizing radiation impacting the ionosphere. The Sun's outer layers emit this particular wavelength and is relatively unaffected by the Earth's atmosphere, making it ideal for monitoring.

Scientists found that measuring solar emissions at 10.7 centimeters provided a stable and accurate representation of solar activity, especially sunspot activity. It directly reflects changes in the Sun's magnetic activity, making it a valuable tool for predicting HF radio propagation conditions. The 10.7-centimeter measurement has been used since the 1940s. It is a standard in solar monitoring, helping radio operators and scientists gauge solar conditions that impact communication.

Seasonal Impacts

Seasonal variations also affect propagation conditions. Higher temperatures and increased atmospheric activity can enhance VHF and UHF propagation through phenomena like tropospheric ducting in the summer. 

However, during the summer, HF frequencies often experience high atmospheric noise or static levels. This noise is mainly caused by natural events like thunderstorms, which are more frequent in summer, particularly in tropical and subtropical regions. The lightning discharges create static that gets picked up by radio receivers, making it harder to hear signals clearly on these lower frequencies.


Which of the following is typical of the lower HF frequencies during the summer? (G3B12)

A. Poor propagation at any time of day

B. World-wide propagation during daylight hours

C. Heavy distortion on signals due to photon absorption

D. High levels of atmospheric noise or static



The more storms and atmospheric disturbances, the more static you'll likely encounter. This makes communication on lower HF bands noisier during the summer months compared to other times.

With their lower temperatures and reduced atmospheric turbulence, winter months can improve HF propagation, making long-distance contacts more reliable. Understanding these seasonal patterns helps operators plan their activities and maximize communication opportunities.

Determining Propagation Conditions

Propagation conditions frequently change based on atmospheric factors like solar activity and ionospheric conditions. Knowing how signals will behave on a specific band helps operators choose the best frequency for their transmissions. There are several ways to determine current propagation conditions, but one of the most reliable ways to determine current propagation conditions is by using a network of online automated receiving stations. 

These networks, such as the Reverse Beacon Network (RBN) or PSKReporter, automatically listen for signals from stations like yours and provide real-time feedback on where your transmissions are being received around the world. By sending a short transmission, you can quickly determine how well your signal propagates and where it's reaching. This method gives you an immediate and reliable indication of propagation conditions on the desired band, making it easier to decide whether to continue using that band or switch to another for better coverage.


Which of the following is a way to determine current propagation on a desired band from your station? (G3B04)

A. Use a network of automated receiving stations on the internet to see where your transmissions are being received

B. Check the A-index

C. Send a series of dots and listen for echoes

D. All these choices are correct



These tools allow you to optimize your radio operations based on current conditions, ensuring your transmissions reach their intended destinations.

Signal Reports

Exchanging signal reports is standard practice at the start of an HF (high frequency) contact in amateur radio. These reports provide a quick assessment of signal quality between stations. This exchange helps operators adjust their equipment, such as transmitter power or antenna orientation, to improve communication-based on current conditions. The reports usually follow the RST system, which evaluates Readability, Signal strength, and Tone, allowing both operators to optimize their setup during the contact.


Why are signal reports typically exchanged at the beginning of an HF contact? (G2D11)

A. To allow each station to operate according to conditions

B. To be sure the contact will count for award programs

C. To follow standard radiogram structure

D. To allow each station to calibrate their frequency display



Signal Reports in HF Contacts

Signal reports are typically exchanged at the beginning of an HF contact to ensure that both stations receive each other clearly and adapt to the prevailing propagation conditions. By sharing a report using the RST (Readability, Signal Strength, and Tone) system, operators can assess how well their signals are being received. This helps them decide whether to adjust transmitter power, reposition their antennas, or modify other technical settings. For example, if the signal strength is weak, an operator might increase power or adjust their antenna to improve reception. This simple exchange helps ensure that the rest of the communication proceeds smoothly.

Chapter Summary

Understanding radio wave propagation is necessary for maximizing your ham radio experience as a General license holder. Propagation affects everything from local contacts to long-distance (DX) communication. It can vary with the time of day, season, solar activity, and the frequency band you use. By learning how factors like the ionosphere, tropospheric effects, and even ground reflections influence your signal, you gain the skills to select optimal frequencies and operating modes. 

With this knowledge, you can maximize your reach, anticipate propagation conditions, and make informed choices for effective communication across the bands. Armed with these insights, your ability to adapt and experiment will grow, deepening your understanding and enjoyment of radio.
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