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Flight Navigation for the Private Pilot is part of the Aviation Books Series that provides the reader with an educational and enjoyable reading experience. A focus has been placed on practical, hands-on aviation by linking science with the real world. 
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Introduction 
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Imagine you have just leapt into the air and set off on a long VFR cross-country flight. You point the aircraft nose in the direction of your distant destination and sit back and enjoy the view. However, after about an hour of uneventful flying, you start to get a gut feeling that the flight is not running as smoothly as you hoped. You glance down at your chart that indicates you should be flying close to a railway line, but when you look outside, there is no such feature for miles around. After a glance at your flight log, to your horror, you discover you have been flying in the wrong direction for the last hour or so. Only by a small amount, but when you are traveling at over 100 knots (115 mph), a small error can lead you astray by a considerable amount. Now you have many things to consider; where exactly are you? How do you get back on track? Do you have enough fuel to reach your destination? 
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Flight navigation is one of the fundamental topics you must master to ensure you arrive at your destination safely. Flight navigation is not just about pointing the aircraft’s nose in the right direction but includes a range of areas from fuel planning to in-flight revisions. It starts well before you depart, with the preflight planning phase critical for any successful cross-country flight. Flight navigation is an important topic for all pilots, even if you generally do not stray too far from your home aerodrome. Pilots will need to utilize charts on all flights, which are used to navigate around complex airspace or conduct an arrival procedure into a busy aerodrome. All pilots need to ensure there is sufficient fuel on board – not just to conduct the planned flight, but also sufficient fuel for unplanned events, such as diverting around poor weather. 


You will start your journey by exploring the fundamental components of flight navigation. Here you will look at direction, distance, speed and time, which are all important and interlinked when planning a flight. One of the trickiest aspects of navigating is then thrown into the mix – wind. Wind can help you arrive quickly to your destination or push you off-track, all of which needs to be taken into account. You will then explore aeronautical charts, which are an essential tool for all pilots. Next, you will bring together all the fundamental topics of flight navigation to create a flight log. The flight log is designed to help you calculate key components of a cross-country flight, such as heading, groundspeed and flight time. After all this careful preflight planning you will take the aircraft out for a flight, initially exploring normal in-flight navigation procedures that are designed to help keep you on track, including flying the aircraft correctly while maintaining a good lookout. However, no matter how well you plan a flight, in-flight revisions are almost always required, largely due to winds being different than forecast or diverting around poor weather. You will see in the final few chapters a range of techniques are available to help you tackle these challenges. 


Some of the concepts that you will explore may seem overwhelming at first, however, as you progress through each chapter you will see many aspects of flight navigation are closely linked. Although we are primarily concerned with navigating on your planned track to your destination, it is just as important to understand what to do when things go wrong, like getting horribly lost. No matter what aircraft you fly, it is essential you have a solid understanding of flight navigation. 




Chapter 1: Form of the Earth 
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Throughout a flight, it is essential you are aware of your position on the earth. This is a fundamental part of any flight and practically may involve describing your position relative to nearby features (e.g. 10 miles south of the town). But as you will see in this chapter, you need to establish your position with a high degree of accuracy, which first requires you to take a step back and look at the form of the earth.  One method to determine your exact position is using the geographic coordinate system, which uses imaginary lines drawn all over the earth (lines of latitude and longitude). This system is not only used to find a specific position but is also the starting point to determine directions and distances, all of which are essential to complete a flight safely. 



Before pinpointing your location – with very precise accuracy – you first need to take a closer look at the shape of the earth. When viewed from space, the earth appears to be a nice rounded shape or a sphere. However, the earth is not perfectly round. If you ignore the variations due to mountains and tides, you would find the distance between two opposing points on the equator is a little larger than the distance between the North and South Pole. This means the shape of the earth is known as an oblate spheroid, as shown in Figure 1.1. The difference is pretty small at about 23 nautical miles (26 miles / 43 kilometers), and for practical purposes, you can assume the earth is a sphere. The North Pole and the South Pole may also be called the geographic poles, and are fixed locations (unlike the magnetic poles that you will explore shortly). When viewed from the North Pole the earth spins anticlockwise, around the polar axis, with the polar axis passing through the North and South Poles. 
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Figure 1.1:  Basic features of the earth, including the poles, polar axis and showing the earth flatter at the poles compared to the equator (an oblate spheroid).   


Lines of Longitude and Latitude 



The geographic coordinate system has imaginary lines drawn around the entire earth. The imaginary lines that run from the North to the South Pole are known as lines of longitude (also called meridians). The imaginary lines that run east to west, are known as lines of latitude (also called parallels of latitude). A position can be defined as the point where a line of latitude and longitude intersect. Each line is defined as the number of degrees (symbol = ᵒ) from a datum or reference point.  The earth has a few natural datums to help define a location. The line that is equal distance from the North and South Pole is known as the equator, which is the datum for lines of latitudes. 



Lines of latitude run parallel with each other, as well as parallel to the equator, as shown in Figure 1.2. Each latitude is defined as the angle from a given latitude and the equator. For example, on the left side of Figure 1.2, it can be seen the angle formed is 30ᵒ, therefore the line of latitude is 30ᵒ. Latitudes vary from 0ᵒ at the equator to 90ᵒ at each pole. Any latitude north of the equator can be said to sit within the Northern Hemisphere, and will therefore include north (N) in the designator (e.g. 30ᵒN), whereas, any location south of the equator sits within the Southern Hemisphere, and include south in the designator (e.g. 30ᵒS). For example, New York is about 41ᵒN, London 51ᵒN and Sydney 34ᵒS. Each line of latitude wraps around the world – just like the line that runs around the equator. The distance around a given latitude reduces closer to the poles. 
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Figure 1.2: Lines of latitude (parallels of latitude). 



Lines of longitude (meridians) are the imaginary lines that run up and down (or north to south). All lines of longitude run from the North to the South Pole, and as such, unlike lines of latitude, are all the same length. However, there is no natural starting point or datum to start with, unlike lines of latitudes that utilize the equator. To overcome this issue, a prime meridian has been designated, which runs through Greenwich, England, and is accepted as the line of 0ᵒ longitude. Each line of longitude is defined as the angle it makes with the prime meridian. For example, in Figure 1.3, the angle shown is 30ᵒ, therefore the line of longitude is 30ᵒ. Locations east of the prime meridian are in the Eastern Hemisphere and will include east (E) in the designator (30ᵒE). Locations west of the prime meridian sit in the Western Hemisphere and include west (W) in the designator (30ᵒW). For example, Berlin, which sits to the east of the prime meridian, is located about 13ᵒE. All of continental United States sits west of the prime meridian, for example, New York is about 74ᵒW and Los Angeles 118ᵒW. The two hemispheres meet opposite to the prime meridian at 180ᵒ, which is known as the anti-meridian (close to New Zealand) and can be designated as either 180ᵒE, 180ᵒW or 180ᵒE/W. As a result, each line of longitude is between 0ᵒ and 180ᵒ, and labeled east or west depending on which side of the prime meridian it is located. 
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Figure 1.3: Lines of longitude (meridians). 


By combining lines of latitude and longitude, you are able to define a location on earth. New York is found where the latitude 41ᵒN intersects with the longitude 74ᵒW, which can be written as 41ᵒN 74ᵒW, whereas Sydney is 34ᵒS 151ᵒE. However, we usually need to be even more precise, as the distance between each degree of latitude or longitude can be considerable. For example, the distance between 1ᵒ of latitude at the equator is about 60 nautical miles (69 miles / 111 km). To be more precise, each degree of latitude or longitude is split up into smaller portions, which are known as minutes (which uses the symbol ′) and seconds (″), as shown in Figure 1.4. This is similar to a meter being split up into centimeters and millimeters (or a foot split into inches). Each degree is split up into 60 minutes. For example, halfway between 45ᵒN and 46ᵒN would be 45 degrees and 30 minutes (written as 45ᵒ30’N). This can also be expressed in decimals, such as 45.5ᵒN. Each minute is then divided into 60 seconds, for example, 45 degrees, 30 minutes and 20 seconds (written as 45ᵒ30’20” N). 



  



Figure 1.4: Lines of latitude and longitude can be broken up into minutes (′) and seconds (″). 


You will see in the next chapter these same imaginary lines are the starting point to determine the direction of a flight. For example, if you wanted to fly towards the North Pole, you would simply fly North along a nearby meridian (line of longitude). But there is a slight issue with this logic – when you jump into the aircraft, you are unlikely to have a display that allows you to align the aircraft with a meridian, but you will have a magnetic compass. The earth is basically a really big magnet, which means a compass can be used to align the aircraft with magnetic north – and from there, any other magnetic direction can be flown. However, if you jumped into the aircraft and flew directly north using the aircraft’s compass, you would not end up at the North Pole but would end up at the magnetic north pole, which is not in the same location, and is actually slowly moving – by about 30 nautical miles (35 miles / 55 km) a year. The north magnetic pole is located over 1,000 miles from the geographic or true North Pole, as shown in Figure 1.5. Fortunately, a correction can be made to convert a direction based on a meridian to a direction that can be flown with the aircraft compass. 
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Figure 1.5: The position of the magnetic north pole and the North Pole. The dotted orange line indicates the position of the magnetic pole during the last 200 years. 




You have now seen there are imaginary lines drawn all over the world to help determine a precise location, and these same lines can be used to determine which way to fly the aircraft. But as we have just touched on, flying in an accurate direction is not as simple as flying along lines of longitude and latitude. To make sure an aircraft is pointing in the right direction, a range of corrections need to be applied, which you will explore in the next chapter.   




Chapter 2: Direction 
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Imagine you have set off on a long cross-country flight; you look down towards your flight log which indicates you need to fly a direction of 090ᵒ. Flying in the correct direction is one of the fundamental components of any cross-country flight, but determining the correct direction to fly requires several elements to be considered. Has the direction on your flight log been corrected for magnetic variation, or what about a correction for any errors in the compass? The size of each correction can be considerable in some parts of the world, for example, the magnetic variation is around 20ᵒ on the west coast of the United States. Not applying this correction can lead to a direction error of 20ᵒ – or a 40ᵒ error if the correction is applied the wrong way. On a long flight, direction errors can take you well off course, as shown in the following case study: 


In 1989, a Boeing 737 was preparing for a flight across Brazil. The pilots inadvertently selected a direction of 027ᵒ but they should have selected 270ᵒ. The flight departed, climbed up to 29,000 feet, and flew in the wrong direction, deep into the Amazon jungle. At the time the pilots believed they should be arriving at their destination they began their descent, and attempted to contact air traffic control without success. Furthermore, the pilots were unable to recognize any geographical features that they were expecting. The pilots attempted to orientate themselves but failed to do so. The aircraft began to run critically low on fuel, therefore the pilots elected to make a controlled crash landing into the Amazon jungle.  



Let’s begin with the basics, what is a direction? Directions are the course, track or line which you wish to move or must take to reach a destination. Directions can be described in a number of different methods. Directions can be expressed as cardinal directions with the four main cardinal directions of north (N), east (E), south (S) and west (W), as shown in Figure 2.1. Intercardinal directions may also be used between the main ones, which are northeast (NE), southeast (SE), southwest (SW) and northwest (NW). Flight navigation needs to be more precise and as a result directions are usually expressed in degrees, ranging from 000ᵒ to 360ᵒ. 
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Figure 2.1: Cardinal directions (e.g. north, south) and a circle divided into 360 degrees (a protractor). 




Directions can be measured against a range of fixed datums, including true north, magnetic north and compass north. True directions were touched on in the previous chapter, which are measured in reference to the north geographic pole. A true direction is the number of degrees, measured clockwise from true north, as shown in Figure 2.2 (e.g. 070ᵒ). A true direction can be established by viewing a nearby meridian (line of longitude) on a chart, which all lead to true north. Practically, pilots will measure true directions regularly, as they are the starting point when planning a flight. The designator ‘T’ is sometimes used to indicate a true direction (e.g. 070ᵒT).  
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Figure 2.2: True directions are measured clockwise from a local meridian (line of longitude). 
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