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Chapter 1: Introduction
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During a single flight, a pilot can travel over vast cities, endless deserts and rugged terrain. To arrive safely at a distant destination, pilots need to understand the key components of flight planning. Each flight is unique, requiring pilots to carefully plan each leg with a high degree of accuracy. Once airborne, pilots will need to follow in-flight navigation techniques to monitor their progress. However, despite careful planning and accurate flying, some cross-country flights will encounter a range of challenges, testing even the most experienced pilots.

This book will explore a wide range of flight planning components, starting with the basic building blocks. We will begin by looking at the imaginary lines that are drawn over the earth, which help define any position with considerable accuracy. These lines are not only used to define a position but are also the starting point for some of the most important elements of flight planning, such as directions and distances. Speed, time and wind are other key components that we will explore. Many of these basic components need to be adjusted to use them in flight. For example, the speed that a pilot observes on the cockpit display is rarely the actual speed the aircraft is hurtling towards its destination. Accurate speed information is essential to determine the time a flight will take, and the fuel required. We will see how pilots need to understand how to make any necessary adjustments to accurately plan and conduct a flight.  
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One of the most useful tools a pilot will use is the aeronautical chart. Pilots will begin using charts to gather a range of preflight information for a planned route. During a flight, charts will help pilots remain orientated and are essential when the flight is not progressing as planned. Ideally, a chart will provide an accurate representation of the real world. But we will see creating an ideal chart is not an easy task, as a chart is a flattened representation of the round earth. No chart is perfect, but pilots must have a clear understanding of the limitations of the charts they intend to use.
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Once a pilot has gathered all the information for a planned flight, it is time to create a flight log. We will see how the flight log brings together key pieces of information to complete a flight safely, such as the aircraft’s speed, route distances, headings and times. This stage can take a substantial amount of time, but careful planning is an important skill all pilots must master. Any errors during the planning stage can cause serious issues later in the flight, such as not taking on enough fuel. Once airborne, pilots will need to follow in-flight navigation techniques to monitor their progress. Most flights will require some form of in-flight revision. Forecast winds are rarely perfect, or weather conditions may block the desired route. In-flight revisions can be made with the same precision as the preflight planning, allowing pilots to determine the implications of even a small detour. One of the most important areas that we will explore is special navigation procedures. Occasionally pilots will face considerable challenges in-flight, such as being uncertain of their position or lost. Fortunately, we will see there are several techniques pilots can utilize to reorientate themselves.
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Some flights are a little more complex than others. Imagine you are conducting a flight in which you need to fly the greatest distance with the amount of fuel onboard – known as flying for maximum range. Do you need to fly fast or slow, high or low? We will see that to fly for maximum range, pilots need to carefully take into account a range of engine and airframe considerations. During some flights, a pilot may need to know if it is quicker to return home or carry on, or even if they have sufficient fuel to return home at all. This information is important during an emergency, such as a sick passenger needing urgent medical attention.

This book will primarily be focusing on visual navigation (i.e. VFR cross-country flights), which means a pilot needs to visually see where they are going. However, many of these same concepts will apply to pilots on an IFR cross-country flight (Instrument Flight Rules). Pilots on an IFR flight can fly from one place to another without any visual reference (e.g. flying in clouds), which is accomplished with the help of navigational aids (e.g. VOR, GPS). We will see visual pilots can also use these same navigational aids to supplement visual navigational techniques or reorientate themselves.

Technology has allowed pilots to conduct flight planning tasks with ease, both on the ground and in the air. However, every flight is unique, as a result, pilots need to utilize their knowledge of flight planning to tackle any unexpected challenges. Considering the severe consequences that can arise when things go wrong in aviation, it is essential to understand the wide range of flight planning components that can influence a pilot’s ability to conduct a flight safely.



Chapter 2: Basic Principles
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Flight planning is built upon a number of basic principles that have been around well before pilots took to the sky. In its most basic form, the goal of flight planning is to help pilots fly safely from one place to another, which first requires us to pinpoint our position. The geographic coordinate system is a common method used to determine an exact position, which uses imaginary lines drawn all over the earth (lines of latitude and longitude). This system is not only used to define a specific position, but is also used to determine directions and distances, all of which are needed to complete a flight safely. 


Form of the Earth 



When viewed from space, the earth appears to be a nice, rounded shape or sphere. However, the earth is not perfectly round. If we ignore the variations due to mountains and tides, we 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 2.1. The difference is pretty small at about 23 nautical miles (26 miles / 43 kilometers), and for practical purposes, we 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 we will explore in the next chapter). 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 2.1:  Basic features of the earth. 


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 expressed 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 an 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 the equator, as shown in Figure 2.2. Each latitude is defined as the angle from a given latitude and the equator. For example, on the left side of Figure 2.2, 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 location 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). Locations south of the equator sit within the Southern Hemisphere, and will 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 earth – 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 2.2: 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 latitude 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 2.3, 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 (e.g. 30ᵒE). Locations west of the prime meridian sit in the Western Hemisphere, and will include west (W) in the designator (e.g. 30ᵒW). For example, Berlin, which sits to the east of the prime meridian, is located at 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 2.3: Lines of longitude (meridians). 



By combining lines of latitude and longitude, we can define a position 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 2.4. 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 2.4: Lines of latitude and longitude can be broken up into minutes (′) and seconds (″). 


Great Circles and Rhumb Lines 


Before leaving the form of the earth, we need to explore two other lines that can be drawn on the earth’s surface: great circles and rhumb lines.


A great circle is a circle drawn on the earth’s surface which will have its center in the middle of the earth. Basically, if the great circle wrapped right around the earth, it would have equal parts of the earth on either side of the great circle. Importantly, if we were to fly along the path of a great circle, it would provide the shortest route between two points. The equator is a classic example of a great circle. If we flew around the equator, we would be flying a great circle route between any two points located on the equator. Likewise, if we followed a line of longitude (e.g. 30ᵒE), we would also be flying a great circle route. 



A rhumb line is a regularly curved line on the earth’s surface that cuts all lines of longitude at the same angle. In most cases, a rhumb line is not the shortest distance between two points, but it is the easiest to follow as it means a pilot can fly in a constant direction between two points (e.g. 090 degrees). 
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Figure 2.5: The great circle and rhumb line route between San Francisco and Lisbon (Portugal). 




Rhumb lines and great circles sound very similar, and in a few cases they are the same, such as along the equator, but for most routes they are different. Consider a route from San Francisco to Lisbon (Portugal), as shown in Figure 2.5. Both cities are found around 38ᵒN, therefore, the rhumb line route would require a pilot to fly east (090ᵒ) for the whole route as the two cities are on the same latitude. But if we sliced the earth in two along 38ᵒN, the center of the circle would not pass through the middle of the earth, nor would we have two equal halves (which is known as a small circle). The great circle route shown in Figure 2.5 would provide the shortest distance between the two cities. Flying the great circle route usually means the direction the pilot would fly constantly changes. Initially, the flight would track towards the northeast, heading over Canada, and very close to Greenland, before tracking towards the southeast to reach Lisbon. Practically, over short distances the difference in distance between a rhumb line and a great circle route is very minimal. However, over long distances like this route, the difference can be substantial, which is why flying a great circle route is often preferred. 


Distance on the Earth 



The geographic coordinate system also provides the starting point for accurate distance measurements. The distance of a flight will help pilots determine the expected arrival time at a destination, and just as important, how much fuel is required for the flight. Aviation has adopted a range of distance measurements, such as flying at an altitude of 8,000 feet, the visibility is 8,000 meters, 5 statute miles or 8 kilometers. However, these units are not normally used for distance measurements for flight planning (e.g. the distance between A and B). The most common distance unit used for flight planning is the nautical mile (nm). A nautical mile is taken as 6,080 feet, 1.15 statute miles or 1.85 kilometers. The origin of the nautical mile is linked to the geographic coordinate system, as a nautical mile is the distance of one minute of longitude or one minute of latitude at the equator, as shown in Figure 2.6. However, as the earth is not a perfect sphere, but flattened at the poles, a minute of longitude is slightly shorter than a minute of latitude along the equator. As a result, a nautical mile has been standardized at 6,076.1 feet (1,852 meters), although practically 6,080 feet is commonly used as the ‘standard’ nautical mile.   
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Figure 2.6: One minute of longitude represents 1 nautical mile (nm). 



Sometimes we may be required to convert distances between units (e.g. statute miles to nautical miles). In chapter 12 we will explore the flight computer, which can easily convert between different distance units (amongst many other flight planning calculations). We can also convert between them as follows: 



	
nm to km: times by 1.85 (e.g. 10 nm = 18.5 km) 


	
km to nm: times by 0.54 (e.g. 10 km = 5.4 nm) 


	
nm to sm: times by 1.15 (e.g. 10 nm = 11.5 sm) 


	
sm to nm: times by 0.87 (e.g. 10 sm = 8.7 nm) 





Practically pilots will regularly measure distances on charts, especially during the preflight planning phase, such as the distance between two aerodromes. We will explore charts in more detail in chapter nine, where we will see there are a range of techniques that can be used to measure distances. We have now explored the imaginary lines that help pilots determine a precise position and the distance between two points. These same lines are also used to establish the direction a pilot needs to fly, which we will explore in the next chapter.   




Chapter 3: Direction
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Flying in the correct direction is one of the fundamental components of any flight, but determining the correct direction can be a little tricky. Several corrections need to be applied to the direction measured on a chart, including a correction for magnetic variation and 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 an aircraft well off course, as shown in the following case study: 


In 1989, a Boeing 737 was being prepared for a flight across Brazil. Prior to the flight, the pilots inadvertently selected a direction of 027ᵒ when 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. The pilots tried to orientate themselves but were unable to recognize any geographical features that they were expecting. 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 that you wish to move or must take to reach a specific point. Directions can be expressed in a number of different ways, such as cardinal directions, with the four main cardinal directions of north (N), east (E), south (S) and west (W), as shown in Figure 3.1. Intercardinal directions may also be used, which are northeast (NE), southeast (SE), southwest (SW) and northwest (NW). Flight planning needs to be more precise and as a result, directions are usually expressed in degrees (ᵒ), ranging from 000ᵒ to 360ᵒ. 
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Figure 3.1: 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. A true direction is the number of degrees measured clockwise in reference to the north geographic pole (true north), as shown in Figure 3.2 (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. The designator ‘T’ is sometimes used to indicate a true direction (e.g. 070ᵒT).  
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Figure 3.2: True directions are measured clockwise from a local meridian (line of longitude). 



Practically, pilots will measure true directions on charts regularly, as they are the starting point when determining a direction to fly towards a destination. For example, if we wanted to fly towards the North Pole, we would simply fly north along a nearby meridian. But there is a slight issue with this logic – most aircraft do not have a display in the cockpit to easily fly in a true direction, but they 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 we jumped into the aircraft and flew directly north using the aircraft’s compass, we would not end up at the North Pole but 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 3.3. 
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Figure 3.3: 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. 



Fortunately, several corrections can be made to convert a direction based on a meridian (true direction) to a direction that can be flown with the aircraft’s compass. These include corrections for: 



Magnetic variation (the difference between true north and magnetic north).




Compass deviation (the correction due to errors in the aircraft’s compass).




Wind (wind will be explored separately in chapter five, where we will see a correction for wind is very important for accurate flight planning).



Magnetic Variation 



The first correction that needs to be applied to fly with the aircraft’s compass is magnetic variation. As we have just seen, the North Pole and magnetic north pole are in different locations. Magnetic variation is the difference between the two, described in degrees. Practically, variation means if we want to fly in a true direction (e.g. 360ᵒT), what correction is required to fly in the equivalent magnetic direction. Consider the aircraft in Figure 3.4, in which all three aircraft are pointing directly towards true north (360ᵒT): 



Aircraft A: Magnetic north is to the east (right) of the aircraft, therefore it can be said that the variation is east. To maintain a true direction the magnetic direction should be smaller. That is, even though the magnetic direction is 350ᵒM, the aircraft is still flying towards true north (360ᵒT). 




Aircraft B: Magnetic north and true north are aligned, therefore true directions and magnetic directions are the same. There is no variation. 
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