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Introduction

If you find yourself peering up at the sky as a plane roars past, there is a good chance you have caught the aviation bug and are fascinated by anything that flies. The world of aviation is wonderful, with planes today capable of doing amazing things, such as climbing like a rocket, soaring above the clouds, and staying in the air for hours – sometimes almost a whole day!
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Now that you have the aviation bug, you may be wondering what the next step on your aviation journey is, so that one day you are the one soaring high in the sky and looking down on the Earth below. Becoming a pilot is not easy and requires a lot of hard work and study, but it is also very rewarding, as you gain the knowledge and skills all pilots need.


Pilots flying planes of all sizes need the same basic aviation knowledge to complete a flight safely. The Student Pilot Manual provides the perfect foundation for becoming a pilot, with Volume 3 of this series exploring three important topics that affect the safety of all flights:


[image: ]


You will begin by taking a look at aviation weather. Every time a pilot leaps into the air, they can come across a range of dangerous weather conditions, such as freezing temperatures, massive thunderstorms, and invisible turbulence. By understanding how the weather is made, pilots can tackle any weather-related challenges that they come across.


[image: A plane with a red spot  AI-generated content may be incorrect.]


The next topic you will explore is flight navigation. Some flights can be very long, so flying the wrong direction by even a small amount can lead to all sorts of problems. You will see that careful preflight planning is the foundation for a successful flight, which includes ensuring there is enough fuel on board. But even the best planned flight will need regular in-flight adjustments to make sure you reach your planned destination.
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In the final topic you will explore flight communication. There are no traffic lights in the sky to tell pilots whether it’s safe to continue, which is why talking on the radio helps keep everyone safe. But there are many barriers that make communicating difficult, which is why a special pilot language has been created. You will see that this language is more than just how letters and numbers should be spoken. It covers a wide range of areas that help to make sure pilots send and receive the correct radio messages.


The amount of information you need to fly a plane safely can seem huge, but many of the topics you will explore are linked. You will see that the weather can make it easier to complete a flight, such as a strong tailwind giving a plane a good push. But a patch of poor weather can mean a new plan needs to be made to reach your destination. If a flight is not progressing well, one of the best helpers in the sky is air traffic control, who can be contacted with the plane’s radio.

[image: A cartoon of a plane  AI-generated content may be incorrect.]

Hard work and lots of study does not end once you have earned your wings. Even when you have thousands of hours in your logbook, there will always be new knowledge to gain, helping to ensure your next flight is a safe flight. Let’s begin by exploring the weather, which has been tossing planes around the sky since the early days of flight.



Topic 1: Weather


When a pilot is getting ready for a flight, an important task they need to complete is to determine if it is safe to fly in the weather conditions. There are many hazards in the sky, such as freezing temperatures that can turn a plane into an ice block, and large hailstones that can come crashing through the windscreen. But some of the most dangerous weather conditions are very difficult to see, such as strong and shifting winds that can toss large airliners around the sky.
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You will begin your weather journey by exploring the atmosphere, which is where the basic weather components are mixed together, such as temperature, pressure and water vapor. Even minor changes to these components can have a big impact on the weather conditions a pilot can encounter.
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You will then combine some of the basic components to explore a range of hazardous weather conditions. For pilots flying small planes, the most dangerous weather is not usually very dramatic, such as low visibility in a rain shower or a sudden change in wind direction. You will also explore large-scale weather systems that drive much of the weather, such as frontal depressions.
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In the final chapter you will look at weather reports and forecasts. The weather conditions will be a little different during every flight, so it’s important that pilots have the most up-to-date weather information. Let’s jump right into this weather topic and take a ride through the atmosphere. 



Atmosphere

[image: ]

When you step outside on a nice sunny day, it may come as a surprise that there is a huge weather machine above your head, which is better known as the Earth’s atmosphere. The movement of air inside the atmosphere plays a big role in the weather conditions pilots encounter during a flight. Although the atmosphere stretches up to the edge of space, almost all the weather is found in the tiny section near the surface – the same area where planes fly.

Troposphere


The atmosphere is like a big blanket of air that surrounds the Earth and is made up of several layers. The first layer is the troposphere, which begins at sea level, where the average temperature is about 15ᵒC (59ᵒF). As you go higher in the troposphere, the air temperature cools, dropping by about 2ᵒC for every 1,000 feet (3.6ᵒF per 1,000 feet). At about 36,000 feet, where the air temperature is a cool -56.5ᵒC (-70ᵒF), the air temperature suddenly stops reducing and remains constant with any further increase in altitude. This marks the top of the troposphere, known as the tropopause.
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Large parts of the world experience surface temperatures much colder or warmer than 15ᵒC (59ᵒF), which affects how high the troposphere extends. In cooler areas, such as near the poles, the air is denser (air molecules are closer together). If you climbed higher in this cooler, denser atmosphere, you would reach the tropopause much sooner, typically around 20-30,000 feet. The opposite occurs in warmer areas, such as near the equator. With warmer surface temperatures, the air is less dense (air molecules are spaced further apart), so it takes longer to reach the tropopause, which is found around 50-60,000 feet. Interestingly, the temperature at the tropopause over the equator will be a lot colder than normal, which may sound odd, but it is because the air can continue to cool for longer.
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The height of the tropopause plays a key role in the severity of some weather conditions at the surface. For example, a thunderstorm that towers upward in the atmosphere will come to a halt around the tropopause, which means areas with a higher tropopause (e.g. the equator) can produce larger and more powerful storms.


Stratosphere


If you continue to climb past the tropopause, you would enter the stratosphere, which extends to about 160,000 feet. The temperature in the lower part of the stratosphere will initially remain the same with increasing altitude before starting to increase. The top of the stratosphere is called the stratopause, where the temperature is about 0°C (32ᵒF). Very little water vapor is found in the stratosphere, which means you won’t spot too many clouds in this layer. There are still several more layers above the stratosphere (e.g. mesosphere, thermosphere), but these are not important for understanding the weather that small planes can bump into.
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The atmosphere can be thought of as a big machine that mixes together some of the key components that create the weather. Just small changes in these key components can have a big impact on the weather conditions pilots face, which you will explore next.


Basic Components
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The weather that a pilot bumps into during a flight is largely caused by a few basic weather components, such as temperature, pressure, air density and water vapor. Just small changes to these components can be the difference between thick fog, towering thunderstorms, or a bright sunny day. These weather components also impact how well planes soar through the sky, as unfavourable conditions mean a plane may struggle to leap off the runway or fly over high terrain.

Temperature


Air temperature is at the heart of many weather conditions, with degrees Celsius (°C) the most common unit used in aviation. One of the main factors that influences air temperature is the amount of solar energy bombarding the area, known as solar radiation. Your position between the equator and the poles (latitude) plays a big part in the amount of solar radiation that can be expected:



Solar radiation hitting high latitude areas (e.g. near the poles) will be spread out, limiting the amount of energy the surface can absorb, leading to cooler temperatures.



Solar radiation hitting low latitude areas (e.g. near the equator) will be concentrated onto a smaller area, allowing for greater energy absorption, leading to warmer temperatures.



The seasons will also heavily influence air temperature, with summer providing more solar radiation than winter.
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As solar radiation races towards the surface, several things interfere with its journey, such as being reflected off cloud tops and scattered or absorbed by particles in the air (e.g. dust, pollutants). On average, about half of the solar radiation that starts at the top of the atmosphere reaches the surface.
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The incoming solar radiation does not warm the air in the troposphere, but carries on to the Earth’s surface. The surface then releases its own energy, known as terrestrial radiation. The energy released from the surface has slightly different characteristics, allowing it to warm the air above, which is why you can say the troposphere is warmed from below. The surface warms the air above through three main processes: conduction, convection and advection. Conduction is the transfer of energy through touch, such as a warm surface touching the air above. Conduction from the surface to the air works reasonably well, but conduction from air-to-air is more difficult.


[image: A diagram of a surface  AI-generated content may be incorrect.]


Convection is the movement of energy due to a density change, which helps to transfer heat higher in the atmosphere. When a warm surface warms the air above (through conduction), the air will expand, causing it to become less dense and allowing it to rise. As it rises, it will carry heat higher in the atmosphere.
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Advection is the horizontal movement of air, and there are two main types. Cold advection occurs when cold air moves horizontally towards warmer areas, such as polar air moving towards the equator. Warm advection occurs when warm air moves horizontally towards colder areas, such as tropical air moving towards the poles.


You will see later that temperature has a major impact on the type and severity of the weather conditions pilots can encounter, from icing to thick fog. On a larger scale, when big blocks of air of different temperatures smash into each other, hazardous weather can cover much of the country.

Air Pressure


Air pressure is basically the weight of all the air above a given point, which is the foundation for some of the main weather systems. In aviation, air pressure is usually expressed in hectopascals (hPa) or inches of mercury (inHg). If you measured the air pressure at sea level, you would find on average, it would be around 1013hPa or 29.92inHg.
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Air pressure at the surface does not remain constant, meaning there are often areas with higher or lower than average sea level air pressure. Variations in air pressure have a big impact on the weather, as it creates movement in the atmosphere, which is felt as wind. By measuring the air pressure at different points over a wide area, it is possible to observe pressure patterns. When air pressure is higher than normal, such as 1024hPa (30.24inHg), you can generally say the area is under the influence of a high pressure system, which is also called an anticyclone.
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The higher pressure is caused by the vertical and horizontal movement of air in the atmosphere. Air converges at higher levels, which means air moves towards a central point. This air is then forced to descend (known as subsidence), and once it reaches the surface, it will diverge (move away). The surface pressure is higher because more air enters at the upper levels than is able to exit near the surface. The downward movement of the air often results in fine conditions, light winds, and warm and sunny weather in summer, but cool and potentially foggy conditions in winter.



When the air pressure is lower than normal, such as 990hPa (29.23inHg), you can generally say the area is under the influence of a low pressure system, which is also called a depression.
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The lower pressure is also caused by the movement of air at different levels in the atmosphere. At the surface, air converges towards a central point, which is then forced to move upwards before diverging at upper levels. The surface pressure is lower because more air exits at upper levels than can be replaced at the surface. A low generally results in poor weather conditions: windy with plenty of cloud, rain or snow.



Air pressure also reduces as you go up in the atmosphere, as there is less air above your head. Near sea level, air pressure reduces by about 1hPa for every 30 feet (or one inch of mercury per 1,000 feet), which is known as a pressure lapse rate. Half sea level pressure (500hPa) is found around 18,000 feet, and quarter sea level pressure (250hPa) is found around 34,000 feet. The change in pressure as you go up is important for accurate altitude readings, which you will explore in the Navigation Topic.


[image: A diagram of a plane and a plane  AI-generated content may be incorrect.]

Air Density

You touched on air density in the atmosphere chapter, which is basically the number of air molecules in a given area. Air density is closely linked with the two weather components you have just explored:


Air pressure has a direct relationship with air density. When air pressure is lower, there will be fewer air molecules packed together, resulting in lower air density (and higher pressure will result in higher air density).



Temperature has an indirect relationship with air density. In cold temperatures, the air molecules are more compact, so the air density in a given volume of air is higher (warm temperatures will result in lower air density).



Air density is very important, as it directly affects how well a plane performs. For a plane preparing for takeoff, the ideal conditions would be a cold day with high pressure, which results in higher air density. With more air molecules in a given area, it is easier for the wings to make lift, and the engine will produce more power. The less ideal conditions would be a warm day with low pressure, which results in lower air density. 
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A plane will perform better (e.g. shorter take-off distance) when the air density is higher.

Water Vapor


The final weather component to explore is water vapor, which is water in gas form. Water vapor provides the building blocks for much of the weather that you can see and feel, which is all around you, even on a clear sunny day. Air can only hold a certain amount of water vapor, and when it is ‘full’, air becomes saturated and condensation begins (water vapor changes to liquid).
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Temperature has a big impact on how much water vapor the air can hold, which in turn affects the type of weather you might find. To understand how temperature and water vapor work together to make the weather, you first need to scoop up a parcel of air and squeeze out all the water vapor. Today it comes out as 10 grams of water vapor, which is known as the absolute humidity of 10g/m³. This raw figure of water vapor does not tell you an awful lot about the weather you may find, as you do not know how much water vapor the air can hold. For example:
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