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Abstract.
In this paper various aspects of interaction of solar radiation with earth atmosphere with specific focus on characteristics of light scattering and absorption and phenomena of green house effect along with natural air movement are discussed. All of the above natural processes are very important for a physicist involved in solar energy utilization in building. This article is based on the references listed at the end of the paper.
1. Introduction
Solar radiation and earth atmosphere are two most important factors that are necessary for the existence and sustaining the life on the planet. In the absence of solar radiation or atmosphere one can’t imagine the life on earth. Solar radiations are emitted by the sun which is at 1.5x1011m away from earth by thermonuclear process. When radiation reaches the earth surface it passes most of the distance through space which is almost vacuum, without any modification and only a small part of the path is crossed through the atmosphere. During the traverse through this region many process taken place, most important of these are absorption and scattering. As the atmosphere is not a homogeneous medium of constant concentration. Its constituents vary largely with location and height from the earth surface. The atmosphere has been divided into various layers namely biosphere, troposphere, stratosphere, mesosphere, ionosphere or exosphere depending on varies features like height, temperature, state of constituent’s particles.  The atmospheric ozone has been formed by converting the atmospheric oxygen in the presence of ultraviolet solar radiation. Many natural phenomenon’s such as blue color of sky, during daytime reddish color of sun disc at the time of sun rise and sunset changing color and pattern of clouds are mainly due to interaction of solar radiation with the atmospheric particles. The diminishing visibility during haze and fog are due to scattering of radiation with the suspended molecules of water in the atmosphere. 
 The average Earth surface temperature (about 16°C), is regulated by the solar radiation and the greenhouse effect of the atmosphere, this allows water to exist naturally in all its three phases -- solid, liquid, and gas. 
The solar radiation is absorbed by air and earth surface both, but the absorption of radiation by earth surface is at different rates at different locations. Large bodies of water will get warm and cool at a slower rate than large bodies of land. This creates a disparity in the atmosphere above and this causes horizontal movement of air or wind. 
2. Atmospheric effects

A considerable portion of solar radiation is reflected back into outer space upon striking the uppermost layers of the atmosphere, and also from the tops of clouds. In the course of penetration through the atmosphere, some of the incoming radiation is either absorbed or scattered in all directions by atmospheric gases, vapours, and dust particles. Scattering of solar radiation is either selective and non-selective depending on the particle size of the atmosphere. 

Selective scattering is caused by atmospheric gases or particles that are smaller in dimension than the wavelength of radiation. It is inversely proportional to the wavelength of radiation it follows the pattern: far UV > near UV > violet > blue > green > yellow > orange > red > infrared. Selective scattering of violet and blue light by the atmosphere causes the blue color of the sky. At noon time, the sun appears white because sunlight passes through minimum thickness of atmosphere. At sunrise and sunset, however, sunlight passes obliquely through a much thicker layer of atmosphere. This results in maximum atmospheric scattering of violet and blue light, with only a little effect on the red rays of sunlight. Hence, the sun appears to be red in color at sunrise and sunset.
Non-selective scattering occurring in the lower atmosphere is caused by dust, fog etc, of particle sizes more than ten times the wavelength of solar radiation. Since the amount of scattering is equal for all wavelengths, clouds and fog appear white. The degree of absorption of solar radiation passing through the outer atmosphere depends upon the their wavelengths. The gamma rays, X-rays, and ultraviolet radiation less than 200 nm in wavelength are absorbed by oxygen and nitrogen. Most of the radiation with a range of wavelengths from 200 to 300 nm is absorbed by the ozone (O3) layer in the upper atmosphere. Solar radiation in the red and infrared regions of the spectrum at wavelengths greater than 700 nm is absorbed to some extent by carbon dioxide, ozone, and water present in the atmosphere in the form of vapour and condensed droplets (Table 1). In fact, the water droplets present in clouds not only absorb rays of long wavelengths, but also scatter some of the solar radiation of short wavelengths. 

Optical phenomena involving reflection, scattering, and absorption of radiation, the quantity of solar energy that reaches the earth's surface is much reduced in intensity. The amount of reduction varies with the radiation wavelength, and depends on the length of the atmospheric path through which the solar radiation traverses. The intensity of the direct beams of sunlight thus depends on the altitude of the sun, and also varies with such factors as latitude, season, cloud coverage, and atmospheric pollutants. 
The total solar radiation received at ground level includes both direct radiation and indirect (or diffuse) radiation. Diffuse radiation is the component of total radiation caused by atmospheric scattering and reflection of the incident radiation on the ground. Reflection from the ground is primarily visible light with a maximum radiation peak at a wavelength of 555 nm (green light). The relatively small amount of energy radiated from the earth at an average ambient temperature of 17°C at its surface consists of infrared radiation with a peak concentration at 970 nm. This invisible radiation is dominant at night. 
During daylight hours, the amount of diffuse radiation may be as much as 10% of the total solar radiation at noon time even when the sky is clear. This value may rise to about 20% in the early morning and late afternoon. 
3. Characteristics of scattering
Scattering is the process, by which a particle in the path of an electromagnetic wave continuously do the following action
(1) Abstracts energy from the incident wave.

(2) Reradiates that energy in to the total solid angle centered at the particle. 
The particle is a point source of the scattered energy. For scattering to occur, it is necessary that the refractive index of the particle be different from that of the surrounding medium. The particle is then optical discontinuity, or in homogeneity, to the incident wave. When the atomic nature of matter is considered it is clear that no material is truly homogenous in a fine-grained sense. As a result, scattering occurs whenever an electromagnetic wave propagates in a material medium. In the atmosphere the particles responsible for scattering run the size gamut from gas molecules to rain drops, as listed in Table 1. The wide ranges of size and concentration are noteworthy.
Table 1. The size and concentration of atmospheric particles
	   Type
	        Radius (μm)
	    Concentration (cm-3)         

       

	   Air molecules
	        10-4
	       1019

	   Aitkin nucleus 
	        10-3 – 10-2
	       104 – 102

	   Haze particle
	        10-2 – 1 
	       103 - 10 

	   Fog droplet       
	        1 - 10
	       100 – 10 


	   Cloud droplet        
	        1 -10         
	       300 -10 

	   Rain drop 
	        102 – 104 
	       10-2 – 10-5


About each particle the intensity of the scattered radiant energy, here after called the scatter intensity, forms a characteristic three dimensional pattern in space. . If the particle is isotropic, the pattern is symmetric about the direction of the incident wave. The form of the pattern depends strongly on the ratio of particle size to wave length of the incident wave, as illustrated by the three examples in figure. In figure (a) the relatively small particle tends to scatter equally in to the forward and rear hemisphere. When the particle is larger, as in figure (b), the overall scattering is greater and is more concentrated in the forward direction. For a still larger particle, as in figure (c), the overall scattering is even greater. Most of it is now concentrated in a forward lobe, and secondary maxima and minima appear at various angles. Further increases in particle size produce patterns of even greater complexity. In all cases the form of the pattern is influenced by the relative refractive index, that is, the ratio of the refractive index of the particle to that of the medium surrounding the particle. 
3.1 Types of scattering
The wide range of particle size in table, covering orders of magnitude suggests that scattering itself may show large variations. This is indeed a fact, as can be seen in figure 1. When the particle is far smaller than the wavelength, the scattering is called Rayleigh scattering. This name commemorates the man who developed the theory of scattering by very small isotropic particles. Scattering of this type varies directly as the second power of the particle volume inversely as the forth power of the wavelength. Equal amounts of flux are scattered in to the forward and back hemispheres, as in figure 1(a). The principal Rayleigh scatterers in the atmosphere are the molecules of atmospheric gases.
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Figure 1.  Angular distribution of scattered intensity from particle of three sizes. (a) Small particle, (b) large particle, (c) larger particles

 When the particle diameter is greater than about one –tenth of the wavelength, Rayleigh theory is not adequate to explain the phenomena. The greater overall scattering and pattern complexity, as in figure 1(b) and 1(c), require for their explanation the theory developed by Mie. Although his theory is strictly applicable only to isotropic spheres, it is customary to employ the term Mie scattering even though the particles may be somewhat irregular in shape. The full Mie theory is expressed as a mathematical series embracing all particle sizes; the first term of the series is equivalent to the Rayleigh expression. For spheres of great relative size, such as rain drops illuminated by visible light, the Mie theory can be closely approximated by the principles of reflection, refraction and diffraction. Every particle in the atmosphere is actually a Mie scatterer, but we apply the term only to particles larger than Rayleigh scatterers. 
Attention is called to a third type of scattering which, under certain conditions, accompanies Rayleigh scattering. As noted previously, Rayleigh scattering occurs without change in frequency. However, when the incident light is nearly monochromatic, or alternatively consists of line spectra, a careful analysis of the scattered light reveals weak spectral lines not present in the incident light. Such changing in frequency is the result of changes in the energy level of the molecules. The changes or transitions take place concurrently with Rayleigh scattering and produce frequencies greater and less than the frequency of the principally scattered light. The frequency shifts are related to the differences between the permitted energy level, and they provide data for identifying the molecular species. This phenomenon is Raman scattering, named for the Indian physicist who first investigated it. 

3.2 Scattering by many particles
In many particles cases we are concerned with the scattering by all the particles within a given volume of space. When the average separation distance is several time the particle radius, each particle is considered to scatter independently of all the others. This means that each scattering pattern (such as those shown in figure 8.1) is unaffected by the neighboring scattering. This is called independent scattering. The separation criterion is easily satisfied in all the metrological conditions typified by the particles listed in Table 8.1. Consequently, independent scattering prevail in the atmosphere. The criterion is not met by the closely packed atoms and molecules of high-pressure gases, liquid, and solids. Therefore independent scattering does not obtain in such media.

We are mostly concern with independent scattering. When the particles are randomly arranged and randomly moving, no coherent phase relationships exist between the separately scattering waves. Hence no interferences among these waves can be discerned, and their intensities rather than their amplitudes are additive. This is incoherent scattering. If the particles are identical, the composite or resultant intensity pattern is the same as that from a single particle. The randomness requirements are met by all atmospheric conditions. The requirements are not met by more regularly arranged atoms and molecules of liquid and solids, so their scattering has coherent aspects. In a liquid, for example, mutual interferences suppress most of the lateral scattering. The scattering of x rays by the atoms of a crystal lattice provides a more striking example. Here the interferences are sufficiently strong to produce major maxima and minima of intensity at certain angles, giving rise to the term x ray diffraction.
In the discussion to this point it has been tacitly assumed that the particle is exposed only to the light of incident or direct beam. That is, single scattering has been assumed. No account has been taken of the fact that each particle in a scattering volume is exposed to and also scatters a small amount of the light already scattered by the other particles. The intensity of this light, will be very weak in comparison to that of the direct beam, reaches a given particle from many directions, as suggested by figure 8.1. Hence some of the light that has been first-scattered may be re-scattered one or more times before emerging from the scattering volume. This is called secondary or multiple scattering. Although removed from the direct beam, it may significantly alter the composite pattern of scattered intensity due to all the particles.
This characteristic of multiple scattering can be appreciated from figure 1(a b c). For example, as visualized that the pattern in figure(c) is overlaid with a multitude of similar but far weaker patterns having all orientations in the plane of the figure. It becomes clear that the composite pattern, while still retaining the principal features of the original, exhibits fewer and smaller variations in intensities as a function of angle. In the extreme, as with a very turbid medium, all sense of the direction of beam is lost, and the scattered lights tend to reach an observer rather uniform from all directions. This tendency is manifested in a dense fog.
The simple mechanism of scattering and absorption is depicted in fig 2 and mathematically it is expressed by equation 1 and it called Bougure’s Lambert Law.
                                       I / I​​o = exp (-αL)



(1)
The coefficient α usually varies with wavelength, and for Rayleigh scattering is proportional to 1 / λ4. This is used for calculations of the solar constant. For this the logarithm of Hλ, the relative spectral power distribution of sunlight, is plotted verses the air mass m, m is related with the solar altitude θ in radians.
                     m = 1/ [sin θ + 0.15 (h + 3.885)-1.253]                (2)
here h is solar altitude in degrees. Each wavelength gives a nearly straight line, the more so for clearer and more stable atmospheres. By extrapolation to m = 0, the lines give the extraterrestrial values Hoλ required for solar constant calculations, and their slopes varying with wavelength provided the atmospheric extinction coefficients. It is desirable to extend
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Figure 2. Scattering and absorption mechanism of solar irradiance through the earth’s atmosphere
the lines as far as possible. Some observations have been made up to m = 10 or more, where z the zenith angle of sun is nearly 900 and sec z is no longer nearly proportional to m owing to refraction in the air. Correction factors are used in such cases. 
More commonly an empirical approach has been found sufficient. For example, Fowle expressed extinction by the formula:


I/Io = exp [-(a1 +a2) m]



(3)
Here a1 refers to molecular scattering and a2 other causes with air mass m. It was realized that, as particles in a cloud or aerosol increased in size the scattering became less dependent on wavelength as in a jet of cooling stream which scatters light, first blue, then more and more white. The Rayleigh exponent could be considered to change from 4 to zero.
3.3 Distinctions between scattering and absorption 
Scattering must be distinguished from absorption. Both processes remove flux from a given beam of light, but the similarity ends there. As already noted, scattering is explained in terms of the wave theory of light, and it produces no net change in the internal energy state of the molecules. In contrast, absorption requires quantum theory for its explanation and does produce change in the energy states. Three forms of such internal energy exist: rotational, vibrational and electronic arrangement. These forms are additional to the kinetic energy of molecular translation, which plays an indirect but essential role in absorption and also in the associated process called emission.
Within the small domains of molecular space and action, each forms of internal energy is quantized to discrete, permitted values or levels. The incident radiant energy also must be regarded as quantized and only whole quanta can be accepted by the molecule. In absorbing a quantum of energy the molecule thereby undergoes a transition from a lower to a high state of one of the three internal energy forms. Time-wise, absorption is a discontinuous process because of the quantization. Spectrally the process is selective, not continuous, because only those quanta can be absorbed whose energies are equal to the differences between the permitted levels.
Absorption is only the first part of a cycle which is completed by emission. As a consequence of molecular motion and collisions molecules endless exchange internal energy for translation energy, and vice versa. Molecules already excited to upper level are de-excited or relaxed to lower levels, on a statistical basic. Conversely, molecules at lower are excite to upper level by collisions, again on a statistical basis. Most of the upper are inherently unstable, however, and molecules occupying these levels undergo transitions to lower by emitting quanta of radiant energy. These downward transitions may be either spontaneous or stimulated. The first type predominates in the atmosphere, while the second type is the operation basis of lasers; the emitted quanta have energies equal to the differences between the initial and final levels, so emission is as spectrally selective as absorption. Being quantized, emission by an individual molecule is a discontinuous process.
From above, several basic distinctions between scattering and absorption-emission become apparent. These distinctions should be kept in mind. Absorption and emission by gases are not discussed further in this volume. Absorption by particles, however, is dealt with to the extent that several quantities developed in scattering theory are employed as measures of absorption. This allows both scattering and absorption by particles to be considered jointly as a process called extinction. 
4. Green house effect
Over thousands of years the temperature on the Earth has been more or less constant with seasonal variations. This is possible only if the energy received from outer space is same as dissipated from Earth. Otherwise earth will either become too cold or too Hot for life to survive.
The amount of energy received at the edge varies according to location and season. When the sun's rays are perpendicular to a location at the edge of the atmosphere, that area receives the maximum amount of radiation.  Because of the earth's curvature the equator receives a greater amount of solar energy than the poles. The position of the earth relative to the sun also affects the amount of radiation received. When the northern hemisphere experiences summer the North Pole is tilted toward the sun, resulting in a longer period of daylight and more perpendicular rays. Though the earth in its elliptical revolution is actually at its farthest distance from the sun, the amount of energy and the length of daylight compensates for the distance. When the earth is closest to the sun, the North Pole is tilted away and the northern hemisphere experiences winter, short days and oblique rays. 
The transfer of energy from the sun to the earth's atmosphere is through radiation. These waves are classified according to their wavelength - the distance between peaks in the waves - from shorter to longer. Differing wavelengths causes differing interactions with the atmosphere; the amount of energy that enters the atmosphere is greatly reduced due to absorption, reflection, and scattering before it reaches the earth's surface.  Absorption causes energy to be captured and retained by a substance, and by retaining energy the substance heats up and reradiates. X-rays and gamma rays, which have the shortest wavelengths, are absorbed by oxygen and nitrogen molecules in the upper atmosphere and transformed into ions, which form the ionosphere. Ultraviolet rays of slightly longer wavelength are absorbed by ozone in the stratosphere. Infra-red rays, at the other end of the spectrum, are slightly absorbed by carbon dioxide and water vapor in the troposphere. Wavelengths that are visible to the human eye - violet, blue, green, yellow, orange, and red - are affected by reflection and scattering. Reflection occurs when particles and surfaces that are larger than the incoming waves meet and turn back solar energy. Clouds, snow, and light-colored sand are all reflectors. Scattering occurs when particles the same size as the wavelength of the radiation meet. Scattering causes energy to be redirected in all directions, some of which returns to space. The sky appears blue because the short, blue wavelengths are more easily scattered. Without scattering the sky away from the sun would appear black, similar to outer space. Scattering is also the reason the sun appears red at sunrise and sunset. Because the sun's path through the atmosphere is much longer at this time of day, more of the blue wavelengths are scattered out of its beam, leaving more red light. 
Only about one-fifth of energy warms the atmosphere directly. Most of the energy that warms our atmosphere comes indirectly from the heated earth. A small amount of the energy absorbed by the earth warms the atmosphere through a process called conduction.  More heat is transferred from the surface to the atmosphere through convection.  
Almost all convection energy is absorbed by the atmosphere. The difference in temperature between atmosphere and earth changes the wavelength of the predominant wavelength.  Lower the temperature, the longer the wavelength. The shortwave visible light rays which passed down through the water vapor and carbon dioxide without obstruction return upward as long wave radiation and are for the most part absorbed by those same clouds. The clouds heat up and reemit energy back to earth as counter radiation - in effect recycling radiation from the earth. This process of trapping long wave radiation has been called the greenhouse effect, and is one of the important ways the atmosphere's temperatures remain within a livable range. 
Amount of energy absorbed by the earth-atmosphere system over the entire globe in a year is equal to the amount emitted by the system.  
 At different latitudes an imbalance exists between the outgoing and absorbed radiation of the earth-atmosphere heating system. The poles should be getting colder and tropical regions warmer, but this is not happening. Heat is being transported pole ward from areas of surplus radiation, almost equally, by ocean and air. The atmospheric balancing act is achieved by wind systems. 
5. The mechanism of atmospheric air motion or winds
Heat is transferred vertically from the earth to the air by convection. But wind is defined as the horizontal movement of air relative to the earth's surface.  Air temperature varies because the earth's surface heats up at different rates. Latitude and season cause temperature variations. Large bodies of water will get warm and cool at a slower rate than large bodies of land. This creates a disparity in the atmosphere above. Because heat decreases with altitude, mountain peaks are cooler than cities at sea level.  Differences of temperature cause differences in pressure. A difference in pressure across distances is called a pressure gradient, and is the driving force behind wind.  Once the air has begun to move (surplus heat to the poles and surplus cold to the equator) another force comes into play. This is called the Coriolis force, and is caused by the rotation of the earth.  The earth rotates on its axis at the rate of 1666 km per hour at the equator. The speed decreases with increasing latitude until it is virtually zero at the poles.   
6. Conclusion
Following are some important conclusion that may be drawn from the above article. 
1 Solar radiations are emitted by the Sun which is generated by thermo nuclear process mainly fusion of hydrogen nuclei into Deuterium and other chain reactions. 

2 The solar radiations cover a wide spectrum ranging from gamma rays to micro wave region. It includes Ultraviolet, Visible, Infrared, Radio waves etc. The peak of the spectrum lies in visible region centered at 500 nm in the green yellow region of visible part.

3 The amount of solar radiation reaching at the earth surface depends on site latitude and longitude, solar position, atmospheric condition i.e. whether the atmosphere is clear or polluted.

4 There is a long history of evolution earth atmosphere and the present atmosphere is third generation atmosphere. It constitute permanent gases molecule like Oxygen, Nitrogen and Argon and trace gases such as CO2 and Methane etc. which are evolved due to anthropogenic (human-produced) activities.

5 During the traverse of solar radiation from sun to earth it passes through almost vacuum in the inter space part beyond the atmosphere without any major but when it enters the atmosphere of the earth many processes take place such as absorption, scattering. Which in turn causes chemical changes in some gases e.g. convert Ozone to Oxygen and vice - verse. 

6 The atmosphere work as a blanket for the living being by keeping the mean temperature of the earth in a range that avoids harsh cold or hot.

7 Various types of scattering takes place which depends on the relative size of scattering of the molecules and the wave length of solar radiation. These are mainly classified into Rayleigh scattering, Mie scattering and Large particle scattering. 
In conclusion, therefore, it is evident that in cloudy weather the total radiation received at ground level is greatly reduced, the amount of reduction being dependent on cloud coverage and cloud thickness. Under extreme cloud conditions a significant proportion of the incident radiation would be in the form of scattered or diffuse light. In addition, lesser solar radiation is expected during the early and late hours of the day. These facts are of practical value for the proper utilization of solar radiation. 
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