Earth's Atmosphere

Introduction 
The atmosphere limits the lowest altitude at which a satellite can be placed into orbit. The atmosphere absorbs, diffuses, deflects, or delays certain frequencies of signals sent to and from a satellite. Satellites launched from the Earth's surface must pass through the atmosphere to attain orbit. Manned spacecraft and some unmanned payloads must reenter the atmosphere in order to safely return to the surface. 

Atmospheric Regions 
The Earth's atmosphere is divided into numerous regions which have different characteristics. The boundaries between the regions are not distinct. Some regions overlap and others are made up of a number of sub-regions. Definitions are complicated by the fact that different scientific fields define these regions in different ways using various criteria, such as pressure or temperature. Altitude alone does not define where one region ends and another begins because the regions are constantly fluctuating in size depending on the time of day, the season of the year, the degree of activity of the sun and many other factors. 


Troposphere 
The troposphere is the lowest region of the atmosphere. It starts at the Earth's surface and extends to the tropopause, the upper boundary of the troposphere. Almost all clouds and weather occur in the troposphere. It contains about 99% of the atmosphere's water vapor and 90% of the air. Above an altitude of 2 miles (3.2 km), a person who has not become adapted requires supplemental oxygen or a pressurized environment. Approximately half of the Earth's atmosphere is below an altitude of 3 miles (5 km). The temperature generally drops with increased altitude at about 17/ F per mile (10/ C per km) until the tropopause is reached, the point at which the atmospheric temperature begins to rise with altitude. Normally, gases expand with increased temperature. In the troposphere, the air temperature is higher near the surface yet the air density is higher due to gravity. The result is that the troposphere is unstable. This instability generates the majority of the Earth's weather. The altitude of the tropopause varies from 9 to 12 miles (15 to 20 km) at the equator to about 6 miles (10 km) in polar areas. 
Stratosphere 
The layer above the troposphere is the stratosphere. It extends from the tropopause to the stratopause, the upper boundary at about 30 to 33 miles (48 to 53 km) altitude. The temperature of the stratosphere increases slightly with altitude which results in vertical stability. Air flow in the stratosphere is mostly horizontal. The point at which the temperature maximum of about 32/ F (0/ C) is reached is called the stratopause. Approximately 99 percent of the atmosphere is in the stratosphere and troposphere. This region is characterized by the near absence of water vapor and clouds. At altitudes above 9 miles (14.5 km) breathing supplemental oxygen through a mask is no longer effective because natural pressure inside a person's body equals the outside atmospheric pressure, thus not allowing the blood to absorb oxygen. Also, bubbles of water vapor and nitrogen appear in the body fluids, first on the mucous membranes of the mouth and eyes and later in the veins and arteries. Blood starts to "boil" as the bubbles continue to expand. This is called the bends and is extremely painful. Pressurization by means of a pressure cabin or a pressure suit and helmet is required above this altitude. Above an altitude of 15 miles (24 km) compressing outside air into the cabin or pressure suit usually generates too much heat. Everything required to sustain life must be carried on board. Ozone, an isotope of oxygen, is present in the ozone layer which varies in altitude from 12 to 21 miles above the Earth. Traces of ozone are found as low as 6 miles and as high as 35 miles. Ozone is poisonous, therefore, in the stratosphere the outside atmosphere cannot be used to pressurize a crew cabin. The ozone layer is important because it absorbs a large portion of the sun's ultraviolet radiation which is harmful to humans and most other life forms. The radius of the Earth is about 3,960 miles, thus the upper limit of the stratosphere represents only 0.75% of the distance to the center of the Earth, yet it contains 99% of the Earth's atmosphere. This points out just how thin the Earth's atmosphere really is. The small band around the picture of the Earth represents the combined thickness of the troposphere and stratosphere relative to the size of the Earth. 

Mesosphere 
The mesosphere extends from the stratopause at the lower boundary to the mesopause, the upper boundary at about 50 miles (80 km) altitude. The temperature of the atmosphere in the mesosphere decreases as the altitude increases. The mesopause is where the minimum temperature is reached. The temperature at the mesopause is about ​130/ F (​90/ C). Above about 30 miles (48 km) altitude there is not enough atmosphere for even a high altitude ramjet to operate. Above this altitude both fuel and oxidizer must be carried for a rocket engine to provide thrust. 

Thermosphere 
The thermosphere extends from an altitude of 50 miles (80 km) to between 200 miles (320 km) and 375 miles (600 km). The temperature increases with altitude from about ​130/ F (​90/ C) to the thermopause where the maximum temperature occurs. The maximum temperature is about 2,960/ F (1,475/ C) during the day and about 440/ F (225/ C). U.S. astronaut wings are awarded to anyone who travels to an altitude of 50 miles or higher, regardless of whether they completed an orbit of the Earth. At an altitude above 60 miles (100 km) wings and other lift and control surfaces no longer work since the atmosphere is too thin to generate lift and aerodynamic stabilization. This is an area of complete silence outside the craft because the atmosphere is too thin to carry sound waves. All but one​millionth of the atmosphere lies below 60 miles altitude. An altitude of 93 miles (150 km) is the lowest altitude at which a satellite in a circular orbit can orbit the Earth for at least one revolution without propulsion. At this altitude it takes 87.5 minutes to complete one revolution of Earth. This altitude is the most commonly accepted definition of where space begins but it is not explicitly stated in any treaty or international agreement. An altitude of 80 miles (129 km) is about the lowest altitude (perigee) at which a satellite in an elliptical orbit can pass through the Earth's atmosphere and still remain in orbit. At an altitude of approximately 100 miles (160 km) the sky is totally black. Stars do flicker and the area between stars is black since there is not enough air to scatter light rays. 
Exosphere 
The exosphere begins where the thermosphere ends and extends out into space. In this region the density of atoms and molecules of the atmospheric gases is very low. Typically, individual atoms travel about 1600 miles in 20 minutes before colliding with another atom. After the collision, some atoms have enough velocity to escape the Earth's gravity and enter interplanetary space. The density is so low that all of the atmospheric particles which surround the Earth at an altitude of 1,000 miles could be contained in 1 cm3 at sea level. Satellites orbiting in the exosphere at an altitude of about 620 miles (1000 km) are, however, slowed by atmospheric drag caused by friction from collisions with individual molecules. 
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The Layers of the Atmosphere:
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Thermosphere: The thermosphere is a thermal classification of the atmosphere. In the thermosphere, temperature increases with altitude. The thermosphere includes the exosphere and part of the ionosphere. 

•Exosphere: The exosphere is the outermost layer of the Earth's atmosphere. The exosphere goes from about 400 miles (640 km) high to about 800 miles (1,280 km). The lower boundary of the exosphere is called the critical level of escape, where atmospheric pressure is very low (the gas atoms are very widely spaced) and the temperature is very low. 

•Ionosphere: The ionosphere starts at about 43-50 miles (70-80 km) high and continues for hundreds of miles (about 400 miles = 640 km). It contains many ions and free electrons (plasma). The ions are created when sunlight hits atoms and tears off some electrons. Auroras occur in the ionosphere. 

•Mesosphere: The mesosphere is characterized by temperatures that quickly decrease as height increases. The mesosphere extends from between 31 and 50 miles (17 to 80 kilometers) above the earth's surface. 

•Stratosphere: The stratosphere is characterized by a slight temperature increase with altitude and the absence of clouds. The stratosphere extends between 11 and 31 miles (17 to 50 kilometers) above the earth's surface. The earth's ozone layer is located in the stratosphere. Ozone, a form of oxygen, is crucial to our survival; this layer absorbs a lot of ultraviolet solar energy. Only the highest clouds (cirrus, cirrostratus, and cirrocumulus) are in the lower stratosphere. 

•Tropopause: The tropopause is the boundary zone (or transition layer) between the troposphere and the stratosphere. The tropopause is characterized by little or no change in temperature altitude increases. 

•Troposphere: The troposphere is the lowest region in the Earth's (or any planet's) atmosphere. On the Earth, it goes from ground (or water) level up to about 11 miles (17 kilometers) high. The weather and clouds occur in the troposphere. In the troposphere, the temperature generally decreases as altitude increases. 

Formation of the Atmosphere:
The Earth's atmosphere was formed by planetary degassing, a process in which gases like carbon dioxide, water vapor, sulphur dioxide and nitrogen were released from the interior of the Earth from volcanoes and other processes. Life forms on Earth have modified the composition of the atmosphere since their evolution. 
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