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Chapter 01: Introduction
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Imagine peering out the front of your aircraft on a long cross-country flight. You can barely see the aircraft’s nose that is hiding in a thick blanket of gray cloud, let alone the airport you are flying towards. Despite operating in this murky environment, there is no sense of panic in the cockpit. When you glance down at one of the displays, a big arrow is pointing straight ahead, confidently guiding you towards your destination. A brief break in the cloud allows you to confirm what you have known all along – you are safely tracking towards your airport.

The ability to safely fly across the country in almost any weather is quite amazing. Even when you are effectively flying blind in thick cloud, flight navigation aids provide a rich source of information that ensures your aircraft is on the correct flight path. A vast network of flight navigation aids have been developed to allow aircraft to fly to all corners of the world. However, like any other system or technology that has made its way into the cockpit, they are only beneficial when used correctly. Worse still, they can lure you into a false sense of security if operated without the required underlying knowledge, placing the aircraft and its occupants in danger.


Our flight navigation aid journey will go on a little history lesson about the different systems that have been developed throughout the years. Cast your mind back to the early days of flight, when flimsy small aircraft defied gravity and leapt into the air. Once airborne, pilots found it very challenging to fly around the country safely. Some towns even painted their name on rooftops to help pilots determine their position. Not surprisingly, night and poor weather made navigating extremely difficult and dangerous, leading to the early development of flight navigation aids. One of the first systems appeared in the 1920s, comprising of a series of rotating lights (like lighthouses) that stretched between major cities that pilots could follow. Some of these light systems were extensive, covering long distances, but were generally only effective at night and in good visibility. Around this time, radio signals were also being explored as a potential navigational tool. Early systems used signals from commercial radio stations to help pilots navigate. This concept was later developed into a large network of Non-Directional Beacons (NDBs), which will be our initial focus. Despite first appearing in the 1930s, a few NDBs can still be found around the country. Although it’s a simple system, we will see the signal from an NDB can sometimes be affected by interference, which is one of the reasons other flight navigation aids have largely replaced them.
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The next flight navigation aid we will explore is the Very High Frequency Omnidirectional Range Station (VOR). The VOR quickly became a popular flight navigation aid thanks to its ability to provide accurate and reliable information to pilots. A limitation of VORs and NDBs is they only provide tracking information. This means a pilot can use them to determine the direction to fly to (or from) a ground station but not how far away they are, making it difficult to precisely determine an aircraft’s position. We will see to solve this issue, a VOR or NDB is usually operated with another flight navigation aid called Distance Measuring Equipment (DME), which provides the missing piece of information.
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Ground-based flight navigation aids have been the backbone of aviation since the 1930s. A vast network of VORs, NDBs and DMEs have been created to allow pilots with the appropriate training and equipment in their aircraft to safely navigate between two airports, regardless of the weather or time of day. However, some of these ground-based systems have started to be switched off. We will see that satellite-based navigation systems, such as GPS, are having a huge impact on how pilots navigate. Their global coverage has allowed pilots to safely and efficiently operate confidently over a wide area. Despite satellite-based navigation systems generally being superior to ground-based systems, they are still susceptible to a range of errors and interference, which can result in pilots being provided with inaccurate position information. This is one of the reasons some ground-based systems are not going away any time soon, as an alternate means of navigating in poor weather must always be available.
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Safely flying to an airport in poor weather or at night is only half the problem, as at some point, a descent towards the ground is needed to find the landing runway. The next part of our flight navigation aid journey will see us explore instrument approaches, with the VOR, NDB, GPS, and DME all able to assist pilots during this challenging phase of a flight. However, we will see some of these systems struggle to safely guide aircraft low enough to allow the runway to be visually identified in poor weather. Furthermore, these types of approaches often place a high workload on the pilot to keep the aircraft on a safe flight path. The Instrument Landing System (ILS) has been developed to overcome some of these limitations. We will see that despite the ILS being around for a long time, it is often superior to similar satellite-based systems. There are a few different ILS categories, with some allowing pilots with the necessary aircraft equipment and training to land in thick fog, which is why it is the favored approach system at many airports around the world. The final chapter will explore a flight navigation aid that requires very little special equipment in an aircraft – radar. We will see that radar utilizes basic radio wave characteristics to assist pilots during different sections of a flight.
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Aircraft that regularly operate in instrument flight conditions will often be packed with several flight navigation aids. We will see that each system operates differently and presents information in different ways. Trying to operate a flight navigation aid with a limited understanding of how it works can be very dangerous. This is especially the case with satellite-based systems, which can present information in a wide range of formats, from a simple display to a position on a moving map. All the flight navigation aids we will explore can be found in aircraft of all sizes, from small piston engine aircraft to airliners operating long distances. Our focus will be on using flight navigation aids during an instrument flight (i.e. flying in instrument meteorological conditions – IMC), but they can also be a useful tool for visual pilots, especially on a long cross-country flight. No matter what aircraft you are flying or the type of flight being flown, it is essential you have a solid understanding of the flight navigation aids in your aircraft. 


Chapter 02: Radio Waves
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Before jumping into the different flight navigation aids you may use when flying around the country, we first need to look at some of the basic characteristics of radio waves. Radio waves are the building blocks of all the flight navigation aids we will explore, from the ground-based VOR to satellite-based GPS. Radio waves behave differently under different situations, which can heavily influence the performance of a flight navigation aid. We will see some of these basic characteristics help explain why some systems have a much greater range than others or why some systems are more accurate and reliable.

Radio Waves


Radio waves can be a tricky topic as it can be difficult to visualize something you cannot see, which is why it is sometimes easier to consider radio waves like waves in water. Imagine dropping a large stone in a completely still lake. As the stone splashes into the water, waves radiate out, which have a series of peaks and troughs. Radio waves have similar characteristics to waves in the water but do not need a medium to travel through (e.g. water or air). They are partly electric and partly magnetic, known as electromagnetic waves. Radio waves are basically packets of energy that can be used for various functions, from tracking towards a ground station to talking on the radio.


A transmitter is required to create radio waves, along with an antenna to send them out. An antenna is also needed to detect radio waves, as shown in Figure 2.1. Antennas are normally designed to only detect a certain type of radio wave (or frequency), which also affects the size of the antenna. As the radio waves travel further from the transmitter, they tend to weaken – just like waves in a lake get smaller the further they are from where the large stone was dropped.
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Figure 2.1: A transmitter is required to create radio waves, which can be detected by a receiver’s antenna on a nearby aircraft.



If you took a closer look at a radio wave as it raced past, you would see it has some very important characteristics. Firstly, it would pass you very quickly. Radio waves travel at the speed of light, which is a staggering 300,000,000 meters per second. The radio wave would also move past you like a wave, with one full wave known as a cycle. If you measured the length of one cycle, you would find its wavelength, as shown in Figure 2.2. A radio wave can have a wavelength from around 1 millimeter to over 100 kilometers (60 miles).
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Figure 2.2: The wavelength of a radio wave is the length of one full cycle.



One of the most important characteristics of radio waves 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 huge number of cycles per second. As a result, the number of hertz is normally abbreviated.



	
One thousand hertz is a kilohertz (kHz), meaning 1,000 cycles passed per second. 


	
One million hertz is a megahertz (MHz). 


	
One billion is a gigahertz (GHz). 





Frequency and wavelength have an indirect relationship, as shown in Figure 2.3. Practically, you will not be pulling out your calculator to work out the wavelength of radio waves during a flight, but it is worth noting that the higher the frequency, the shorter the wavelength, and vice versa.
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Figure 2.3: Lower frequencies have a longer wavelength, whereas higher frequencies have a shorter wavelength. 


Frequency Bands

Radio waves can be placed into several groups, known as frequency bands. Frequency bands start as low as 30 kHz (very low frequency band) and go up to 300 GHz (extremely high frequency band).








	Frequency Band


	Frequency





	Very Low Frequency (VLF)


	< 30kHz





	Low Frequency (LF)


	30 – 300kHz





	Medium Frequency (MF)


	300kHz–3MHz





	High Frequency (HF)


	3 – 30MHz





	Very High Frequency (VHF)


	30 – 300MHz





	Ultra High Frequency (UHF)


	300MHz –3GHz





	Super High Frequency (SHF)


	3 – 30GHz





	Extremely High Frequency (EHF)


	30 – 300GHz







Each flight navigation aid sits within a specific frequency band, as shown in Figure 2.4. The different frequency bands offer various advantages and disadvantages, especially regarding range and signal quality. For example, frequency bands towards the lower end are more suitable for long-range ground-based navigation aids (e.g. NDB), whereas satellite-based systems tend to utilize higher frequency bands (e.g. GPS). When talking to air traffic control, you will most likely be operating in the very high frequency band (which is also the frequency band that the VOR utilizes).
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