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Introduction
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Imagine you have completed your pre-flight checks and the weather looks great. All you need to do now is push down on the microphone button to get your flight moving. When learning to fly, this simple task can seem like one of the most stressful events. What happens if I forget what to say? What if I say the wrong word? What if air traffic control tells me off? You don’t need to be a new flyer to have these concerns. Pilots that have taken a break from flying or generally remain clear of controlled airspace may also feel a little nervous operating the radio. Fortunately, like many of the skills you learn, operating the radio comes easier with practice. In no time at all, speaking on the radio will become second nature. But to master this important skill, you also require the underlying knowledge.    

Flight radio can sound like a foreign language or a secret code. However, history has repeatedly shown that a communication breakdown can lead to misunderstandings, or worse, a major disaster. There are many barriers to effective communication in flight, including noise, vibrations, radio clutter, and distractions. There are no traffic lights in the sky to let pilots know if they can safely continue or not. Effective communication between pilots and air traffic control is one of the key tools used to ensure aircraft remain safely separated from each other, especially in and around busy aerodromes. At busy aerodromes, an aircraft could be taking off and landing every minute, and without clear and effective communication, all sorts of problems would result.


This book explores a wide range of flight radio components that are essential for pilots to master to operate an aircraft safely. You will begin with the most basic component of radio science – the radio wave. To many people, radio science is a mysterious subject, but you will see a basic understanding is helpful to appreciate some of the flight radio limitations. You will then take a look at the building blocks of flight radio, which is based on how letters and numbers are spoken. You will then take a flight and explore a range of typical radio calls you may be required to make, from taxi to landing, at towered and non-towered aerodromes. In the final chapters, you will look at how the flight radio can be an essential tool when things go wrong, such as in an emergency.



Although some of the communication practices that are covered in this book may sound strange, they are designed to provide a layer of protection to avoid miscommunication. When you are flying on a nice sunny day, with a low workload, you are unlikely to have any trouble communicating clearly. But what happens if you are under a little stress; the weather is poorer than expected, there is time pressure to complete the flight and the radio is playing up. Did the controller just ask you to descend to nine thousand feet or was it five thousand feet? Did you have to taxi to holding point ‘C’ (see) or was it ‘D’ (dee)? When a pilot is strained and stretched to their limits, the common flight radio practices that you will explore in this book provide a vital tool to avoid confusion. 




Chapter 1: Radio Waves 
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PILOT: Tower, verify you want me to taxi in front of the 747. 



TOWER: Yeah, it's OK. He's not hungry. 



The aircraft radio is an amazing piece of equipment. By pressing down on the microphone switch you can have a conversation with air traffic control, who might be just a few hundred feet away in the aerodrome tower or hundreds of miles away in a control center. Although the main focus of this book is how to speak on the radio, it is just as important to have a basic understanding of how the radio works. This basic knowledge will help you understand why you are having trouble contacting air traffic control and what you can do to fix the problem. 


Radio waves 



Radio waves are the key component that allows you to speak on the radio and listen to other radio users. Radio waves can be a tricky topic as it can be difficult to visualize something that we cannot see. It is easier to think of radio waves like waves in water. Imagine dropping a large stone in a completely still lake. As the stone splashes into the water, a wave radiates out. If you looked carefully at the wave that forms, you would notice it has a series of peaks and troughs. 


A radio wave is similar to the wave formed in the water; however, a radio wave does not need a medium to travel through (e.g. water or air) and is partly electric and partly magnetic, which is known as an electromagnetic wave. A radio wave is basically a packet of energy that can be used to help talk or listen on the radio. In fact, the radio wave is just a small part of a wide range of electromagnetic waves, which include X-rays. To create a radio wave, a transmitter is required, along with an antenna that sends the radio wave out, as shown in Figure 1.1. Likewise, to detect a radio wave, an antenna is also required. Antennas are normally designed to only pick up a limited range of frequencies, for example, the antenna on the aircraft can only detect frequencies within a narrow band of aviation frequencies (which we will discuss in more detail in the next chapter). As the radio wave travels further from the transmitter, it tends to weaken – just like the wave made in a lake that gets smaller and smaller. As a result, the receiver normally also requires an amplifier, which can enhance the radio wave. 
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Figure 1.1: A transmitter is required to create a radio wave, which can be detected by the antenna on aircraft in the area. 




If you took a closer look at the radio wave as it went past you, you would see it contains some very important characteristics. Firstly, it would pass you very quickly, in fact, radio waves travel at the speed of light, which is a staggering 300,000,000 meters per second. Also, recall the radio wave is moving past you in a wave shape – peaks and troughs. One full wave is known as a cycle, and if you measured the length of one full cycle you would find the wavelength, as shown in Figure 1.2. A radio wave can have a wavelength from around 1 millimeter to over 100 kilometers. 
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Figure 1.2: A radio wave has peaks and troughs. If you measured the length of one full cycle, you would find the wavelength. 




The final, and most important characteristic is frequency. Frequency is the number of cycles that occur in one second and is measured in hertz (Hz). If one cycle passed you in one second, the frequency would be 1 Hz, two cycles would be 2 Hz. Most radio waves have a considerable number of cycles per second, as a result, the number of hertz is normally abbreviated. One thousand hertz is known as a kilohertz (kHz), which means 1,000 cycles passed per second. One million hertz is known as a megahertz (MHz), and one billion is known as a gigahertz (GHz). 
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Figure 1.3: Lower frequencies have a longer wavelength, whereas higher frequencies have a shorter wavelength.  



Frequency and wavelength have an indirect relationship. The higher the frequency, the shorter the wavelength, as shown in Figure 1.3. We can look at this simple relationship by comparing two frequencies. A radio wave with a frequency of 1 Hz would result in one cycle per second. Remember a radio wave travels at the speed of light (300,000,000 meters per second), therefore the wavelength would be 300,000,000 meters. If the frequency was 2 Hz, this would result in 2 cycles per second, therefore the wavelength would be 150,000,000 meters (half the wavelength compared to 1 Hz). Practically, you will not be pulling out your calculator to work out the wavelength of a frequency during a flight, but it is worth noting, the higher the frequency, the shorter the wavelength, and vice versa. 


Radio spectrum 


Radio waves are split up into several sub-groups depending on their frequency, which makes up the radio spectrum. The radio spectrum starts at less than 30 kHz (very low frequency) and goes up to 300 GHz (extremely high frequency). 









	Frequency band


	Frequency





	Very Low Frequency (VLF)


	< 30 kHz





	Low Frequency (LF)


	30 – 300 kHz





	Medium Frequency (MF)


	300 kHz – 3 MHz





	High Frequency (HF)


	3 – 30 MHz





	Very High Frequency (VHF)


	30 – 300 MHz





	Ultra High Frequency (UHF)


	300 MHz – 3 GHz





	Super High Frequency (SHF)


	3 – 30 GHz





	Extremely High Frequency (EHF)


	30 – 300 GHz








Different parts of the radio spectrum are utilized by various users, as shown in Figure 1.4. For example, frequencies towards the lower end of the scale are more suitable for submarine communication. If you are tuning up an AM radio station in your car, you are around the medium frequency band. Satellite communication tends to utilize higher frequencies. 
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Figure 1.4: Different parts of the radio spectrum are utilized by various users. 



Each frequency band offers different advantages and disadvantages, especially in regards to range and transmission quality. You may be wondering where do aviation frequencies sit within this radio spectrum? In the next chapter, you will see aviation radio frequencies are all squeezed into a tiny part of the radio spectrum. 




Chapter 2: Aeronautical Frequency 
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PILOT: Tower, give me a rough time-check! 



TOWER: It's Tuesday, Sir. 



When you peer down at an aerodrome chart and spot the frequency you require, in most cases, it will not indicate where on the radio spectrum it belongs. For example, a Tower frequency of 118.3 or an ATIS frequency of 124.1, as shown in Figure 2.1. 
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Figure 2.1: An example of a section of an aerodrome chart with a range of frequencies. 



Practically, this is not an issue, as you simply input your required frequency into the radio unit. However, having an understanding of the part of the radio spectrum you will be operating on will be beneficial. In this chapter, you will see aviation radio frequencies are squeezed into a tiny part of the overall radio spectrum. This narrow range can cause frequency congestion. 



VHF communication 


Imagine you have just selected the Tower frequency 118.3 on your flight radio. Where does this frequency sit within the radio spectrum? This frequency is 118.3 MHz, which means the radio wave you are about to create will repeat itself 118,300,000 times every second (118.3 million times per second). If you glanced back to the previous chapter, you will note this sits nicely within the very high frequency (VHF) band. Most aviation radio communication will be within the VHF band. Like all frequency bands, there are advantages and disadvantages of operating within this frequency range. The main advantage is it allows reasonably good quality communication, with limited interference (sometimes called static). Clearly, this is a major plus in aviation, as the overall aim is to avoid miscommunication. Another advantage with VHF frequencies is the antennas are relatively small, which means they easily fit onto aircraft of all sizes. The main disadvantage is range, that is, how far the radio wave can travel. The range of a VHF radio wave is line-of-sight, which means radio reception can be lost if an aircraft travels too far from the transmitter. If you conduct a flight over a large stretch of water you may have trouble communicating with a VHF frequency, as you may find you have gone beyond the line-of-sight of the nearest radio station. A VHF radio wave also has limited ability to bend around obstacles, such as mountains, as shown in Figure 2.2, creating a radio shadow. This may be experienced when flying in hilly or mountainous areas. You will see towards the end of this chapter, high frequency radio and satellite communication can overcome some of these issues.  


[image: ]



Figure 2.2: VHF reception is limited to ‘line-of-sight’. 


If you looked at the frequencies from a number of different aerodromes, you would find they do not stray too far. This is because aviation has only been allocated frequencies between 118 to 136.975 MHz for flight radio (sometimes called the Airband). The band just below, from 108 to 117.95 MHz is also allocated to aviation and used for radio navigation. For example, if you looked at an ILS or VOR frequency, you should find these frequencies sit within this lower range. 


Even a modest-sized aerodrome can have a considerable number of frequencies, such as a Tower, Ground, and ATIS frequency, as shown in Figure 2.1. Around some large cities, it is common to have a number of aerodromes – from large international airports serving commercial airliners to small aerodromes used for general aviation. Each of these aerodromes will have a range of frequencies, which cannot be too similar to surrounding stations. On top of all these aerodromes, frequencies will be required for sections of upper airspace (e.g. Approach, Departure, Center). As VHF range is line-of-sight, aerodromes a considerable distance from each other can share the same frequency. But within the same general area, a large number of different frequencies are required, resulting in the Airband very quickly becoming congested. 


Channel spacing 


To squeeze in as many stations as possible, the spacing between them has been kept to a minimum. A station may also be referred to as a channel (e.g. a Tower frequency on 118.3 MHz can also be referred to as a channel). Originally the minimum spacing between channels was 50 kHz. If a channel had a frequency of 120.0 MHz, the next nearest channel would have to be 120.05 MHz, then 120.1 MHz, etc. This provided a total of 360 channels within the Airband. This spacing quickly became inadequate and in most parts of the world 25 kHz is the standard spacing, allowing 720 channels (e.g. 120.0 MHz, then 120.025 MHz, 120.05 MHz, etc). In some parts of the world, especially in Europe, even 25 kHz spacing does not provide enough channels and 8.33 kHz spacing has been introduced in these frequency congested areas, providing 2,280 channels.    
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