Chap.2. The earth: Structure and interior composition
The planet on which we live is only one of nine planetary bodies that revolve around the Sun in the solar system. Earth is the third in distance from the sun and the fifth largest of the planets in diameter. The Earth is essentially a nearly spherical geoid or ellipsoid of rotation slightly flattened at the poles. Some of its characteristics are below:
 Diameter varies between 12714 km (polar diameter) and12756 km (equatorial diameter);
 Volume is about 1,083 billion km3 
 Mass is about 5.98 x 1024 Kg;
 Total surface area is about 510 million km2, 71% of which is covered with water;
 Average density is 5.52 g/cm3 which is about twice that of its surface rocks;
 Highest point is Mount Everest at 8.848 km, and its deepest point is the Mariana trench (near the Philippine Island of Mindanao) at -11.033 km);
The Earth consists of four envelopes: the atmosphere (gaseous), the hydrosphere (liquid), biosphere (living things) and the geosphere (solid).

1. ATHMOSPHERE
 The gaseous envelope around the Earth is (by volume) a mixture of nitrogen (N2) (78 %), oxygen (O2) (21%),  argon(Ar)  , neon(Ne), helium He), krypton (Kr), xenon(Xe), and other rare gases, (0.9 %), carbon dioxide (CO2) (0.03 %), and other trace elements (less than 0.07 %). It also contains compounds such as methane(CH4 ), ozone (O3 ), carbon monoxide(CO), oxides of nitrogen (NO) and sulfur (S), hydrogen sulfide(HS), hydrocarbons, and various particulates, many of which are common air pollutants. The most variable part of the atmosphere’s composition is water vapor (H2O), which can range from approximately 0 % to 4 % by volume in the lower atmosphere.
Structure of the atmosphere
The atmosphere is an integral part of the Earth. It surrounds the earth from all sides. Generally it extends upto about 1600 kilometers from the Earth surface. 97 percent of the total amount of weight of the atmosphere is limited up to the height of about 30 kilometers. 
The atmosphere can be divided into five layers according to the diversity of temperature and density.
(a) Troposhere 
· This is the lowest layer of the atmosphere.
· The height of this layer is about 18 kms on the equator and 8 kms on the poles. 
· This is the most important layer of the atmosphere because all kinds of weather changes take place only in this layer. 
· The environmental temperature decreases with increasing height of atmosphere. It decreases at the rate of 0.650 C at the height of 100 m.
· The upper limit of the troposphere is called tropopause. 
(b) Stratoshere
· This layer is spread upto the height of 50 kms from the Earth’s surface. Its average extent 40 kms.
· The temperature remains almost the same in the lower part of this layer upto the height of 20 kms. After this the temperature increases slowly with then increase in the height. The temperature increases due to the presence of ozone gas in the upper part of this layer.
 (c) Mesoshere
· It spreads upto the height of 80 kms from the surface of the earth. Its extent is 30 kms.
· Temperature goes on decreasing and drops upto – 100°C.
· ‘Meteors’ or falling stars occur in this layer.
(d) Ionoshere
· This layer spreads upto the height of 400 kms. from the surface of the earth. The width of this layer is about 300 kms.
· The temperature starts increasing again with increasing height in this layer.
· Electrically charged currents flows in the air in this sphere. Radio waves are reflected back on the earth from this sphere.
(e) Exosphere
· This is the last layer of the atmosphere located above ionosphere and extends to beyond 400 km above the earth.
· Gases are very sparse in this sphere. Therefore, the density of air is very less here.


2. HYDROSPHERE
The hydrosphere [Greek hydro water and sphera sphere] refers to the discontinuous layer of water at or near Earth’s surface. It includes all liquid and frozen surface waters (ocean and sea waters 96.5%, lakes, river water, Glaciers 1.74 %) ground water held in soil and rock 1.7 %, atmospheric water vapour 0.001%.
The biogeochemistry of the hydrosphere
Seawater has a more uniform composition than river water. It contains, by weight, about 3.5 percent dissolved salts, whereas river water has only 0.012 percent. Thus, nine elements (chlorine (Cl-) 19,000 ppm, sodium (Na+ ) 10,500, Sulphate (SO4 )2- 2,700, magnesium (Mg2 +) 1,350, calcium (Ca2+) 410, potassium (K) 390,  Bicarbonate (HCO- 3  ) 142, Bromide (Br2+) 67ppm, Strontium (Sr- ) 8ppm) make up 99 percent of seawater,
3. BIOSPHERE 
Is the living part of the Earth, the part that is organic and self-replicating. It is all of the plants and animals on Earth

4. GEOSPHERE
Geologists have made two types of evidence to learn about the earth’s interior: direct evidence from rock samples and indirect evidence from seismic waves.
a. Direct evidence
Forces inside earth (tectonics) sometimes blast rocks (volcanic) Ophiolites, Xenoliths from depth more than100 kilometers.
Two common types of meteorites exist: 
Stony meteorite, which is similar in composition to Earth’s silicate mantle, has a density about 3 g /cm3. Iron-nickel meteorite, which is similar in composition to Earth’s core, has a density about  8 g /cm3.
b. Indirect evidence
The waves will have traveled from the earthquake focus through the Earth and arrived at the seismograph in three distinct groups.
The first waves recorded in seismogram are called primary waves or P waves. The secondary or S waves follow. Both P and S waves travel through Earth's interior. Finally come the surface waves, which travel around Earth's surface.
 P waves are compressional waves; they travel through solid, liquid, or gaseous materials as a succession of compressions and expansions.  S waves are called shear waves. Shear waves do not exist in liquids or gases. 
Surface waves are confined to Earth's surface and outer layers.
Primary, secondary, and surface waves travel at different speeds and arrive at the seismograph at different times.
Layering and composition of Earth
By measuring the travel times of compressional, geologists have developed a detailed model of how the wave speeds change with depth from Earth’s surface to its center, they have deduced that the Earth's interior is divided into three layers.
a. The Crust:
Seismic data show that Earth’s crust is thin (about7 km) under the oceans, thicker (about 33 km) under the stable, flat-lying continents, and thickest (as much as 70 km) under the high mountains of orogenic zones.
The velocity of P waves increases abruptly to 8 km/s at the Mohorovicic´discontinuity, or Moho, which marks the base of the crust at 40 km beneath the continent.
b. The Mantle
The upper mantle, which extends from the Moho to 670 km, is made primarily of peridotite, a dense ultramafic rock composed primarily of olivine and pyroxene. The lower mantle, which extends to the depth of the core-mantle boundary about 2890 km named Gutenberg discontinuity.
c. The Core
Seismology tells us that the core below the mantle is liquid (outer core) made of molten iron, but the core is not liquid to the very center of Earth. As Lehmann first discovered a discontinuity, P waves that penetrate to depths of 5150 km suddenly speed up, indicating the presence of an inner core, a metallic solid sphere consistent with a nearly pure iron-nickel alloy.
EARTH’S PHYSICAL STRUCTURE
Scientists also divide Earth into five layers based on physical properties.
a. Lithosphere
Strong, rocky outer shell of the solid Earth that comprises the crust and uppermost mantle to an average depth of about 100 km; forms the tectonic plates
b. Asthenosphere
Weak, ductile layer of mantle beneath the lithosphere that deforms to accommodate the horizontal and vertical motions of plate tectonics
c. Mesosphere
This is the lower part of the mantle. The mesosphere flows more slowly than the asthensosphere.
d. Outer core
This produces Earth’s magnetic field created by convection in the outer core,
e. Inner core
The inner core is solid because it is under very high pressure.
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