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THE EARTH MOVEMENT

Introduction

The earth where we live exhibit a form of movement in two distinct ways namely; the rotation of the earth and the revolution of the earth. The formal which involves the earth to spine on its axis every twenty-four (24) hours, while the latter occurs when the earth revolves around the sun through the elliptical path in 365 days.   

This study session will help you to learn and understand the concept of the earth movement and the possible effects. 
THE ROTATION OF THE EARTH
Man is always conscious of the apparent movement of the sun and little do they realize that the earth on which is standing is constantly in motion. When the sun disappears, he says the sun sets, and when it emerges, he says the sun rises. He is not the least aware that the sun, in fact, does not rises or set, it is “we who rises and we who set”. The rotates on its own axis from west to east once in every 24 hours, causing day and night, hence this process is referred to as Rotation of the Earth. Earth’s rotation is slowing slightly with time; thus, a day was shorter in the past. This is due to the tidal effects the moon has on the earth’s rotation.

Imagine a line passing through the center of Earth that goes through both the North Pole and the South Pole. This imaginary line is called an axis. Earth spins around its axis, just as a top spins around its spindle. This spinning movement is called Earth’s rotation. At the same time that the Earth spins on its axis, it also orbits, or revolves around the Sun. This movement is called revolution. A pendulum set in motion will not change its motion, and so the direction of its swinging should not change. However, Foucault observed that his pendulum did seem to change direction. Since he knew that the pendulum could not change its motion, he concluded that the Earth, underneath the pendulum was moving. 
An observer in space will see that Earth requires 23 hours, 56 minutes, and 4 seconds to make one complete rotation on its axis. But because Earth moves around the Sun at the same time that it is rotating, the planet must turn just a little bit more to reach the same place relative to the Sun. Hence the length of a day on Earth is actually 24 hours. At the equator, the Earth rotates at a speed of about 1,700 km per hour, but at the poles the movement speed is nearly nothing. 
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Fig. 4.1. The Rotation of the Earth

The Earth Rotation and its Effects

The earth turns round on its axis with one complete rotation taking place in every twenty-four hours (24 hours), i.e. in a day.  Hence, rotation of the earth has the following effects:

a) It causes the deflection of the ocean currents and air masses.
b) It causes difference of 1 hour in the local time of any places 150 of longitude apart. 
c) It causes day to alternate with nights
d) Earth rotation coupled with the gravitational pull exerted by the moon, causing the rising and falling of tides on a daily basis.

 The Days and Nights
When the earth rotates on its own axis, only one portion of the earth’s surface comes into the rays of the sun and experiences daylight. The other portion which is far away from the sun rays will be in darkness. As the earth rotates from west to east, every parts of the earth’s surface will be brought under the sun at some times or the other. A part of the earth that emerges from the darkness into sun’s ray experiences sunrise. Later when it is gradually obscured from the sun’s beam it experiences sunset. The sun is, in fact, stationary and it is the earth which rotates. The illustration is exactly the same as when we travel in a fast moving train. The trees and houses around us appear to move and we feel that the train is stationary. 

Deflection of winds and ocean currents
As the earth rotates from west to east, it interferes with the free flow of air masses and ocean currents on the surface of the earth deflecting them from their original path. The deflecting effect partly results from the fact the circumference of the earth is greatest at the equator and diminishes towards the poles. As all places on parallels of the latitude complete rotation in 24 hours, the speed of rotation is greater at the equator and diminishes towards the poles. It is this general decrease in the speed of the earth rotation along parallels of latitudes from the equator to the poles that causes deflection in the direction of flow of air masses and ocean currents. In general, air masses and ocean currents in the northern hemisphere (i.e. the northern half of the earth) are deflected to the right of the path they would have followed if the earth were stationary while the southern hemisphere, they are deflected to the left.   

THE REVOLUTION OF THE EARTH
At the same time that the Earth spins on its axis, it also orbits, or revolves around the Sun. This type of movement is called Revolution of the earth. For Earth to make one complete revolution around the Sun takes 365.24 days. This amount of time is the definition of one year. The gravitational pull of the Sun keeps Earth and the other planets in orbit around the star. Like the other planets, Earth’s orbital path is an ellipse so the planet is sometimes farther away from the Sun than at other times. 
The closest Earth gets to the Sun each year is at perihelion (147 million km) on about January 3rd and the furthest is at aphelion (152 million km) on July 4th. Earth’s elliptical orbit has nothing to do with Earth’s seasons. During one revolution around the Sun, Earth travels at an average distance of about 150 million km. Earth revolves around the Sun at an average speed of about 27 km (17 mi) per second, but the speed is not constant. The planet moves slower when it is at aphelion and faster when it is at perihelion. The reason the Earth (or any planet) has seasons is that Earth is tilted 23 1/2oon its axis. During the Northern Hemisphere summer the North Pole points toward the Sun, and in the Northern Hemisphere winter the North Pole is tilted away from the Sun.
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Fig. 4.2. The Revolution of the Earth around the sun 

The Earth’s Revolution and its Effects

The earth revolves around the sun once in 3561/4 days following an elliptical path called orbit. The axis of the earth (a line from the north pole to south pole around which the earth rotates) is inclined at an angle of 661/20 to the plane of the earth’s orbit (orbital plane called the plane of ecliptic). The revolution of the earth and the tilting (inclination) of the earth’s axis at an angle of 661/20 to orbital plane together has the following effects:

1. It determines a year

2. Causes variations in lengths of day and night

3. Causes changes in seasons
4. Causes changes in the apparent latitude of the midday sun.
5. Changes in seasonal temperature
1. Variation in the lengths of Day and Night

If the earth axis were truly vertical and not inclined at an angle of 661/20 to the plane of ecliptic, all parts of the earth will experience equal hours of daylight and darkness throughout the year. Apart from the equator, where variation in lengths of days and night are slightly, differences in lengths of day and night are marked during different periods of the year especially in the temperate region. On September 21 and March 21, the sun is overhead at noon day at the equator. On both days, all parts of the world experience equal daylight and darkness, i.e. 12 hours of daylight and 12 hours of darkness both days are called Equinoxes i.e.  days in which all parts of the earth experiences equal hours of daylight and darkness.

On June 21, the sun is overhead at the noon at latitude 231/20 N i.e.  Tropic of Cancer. On June 21, also called summer solstice, all parts of the earth in the northern hemisphere experiences longer hours of daylight than darkness. In fact areas north of the Arctic Circle (661/20 N) experience 24 hours of daylight on this day While the northern hemisphere is experiencing longer hours of daylight in June, the southern hemisphere is experiencing longer hours of darkness. On this day December 21, the southern hemisphere experiences longer hours of daylight while the northern hemisphere now experiences longer hours of darkness. On December 21, is also called winter solstice. It is apparent from the above that the area where the overhead sun is experienced at noon varies depending on the time of the year, but never beyond latitude 231/20 N and 231/20 S. 

These two latitudes which define the limits where the overhead sun is experienced demarcate the tropics. One may therefore define the tropic as part of the globe lying between latitude 231/20 N and 231/20 S where the overhead sun is experienced. The sun is never overhead outsides the tropics. One also gets the impression that the overhead “sun moves” between latitude 231/20 N and 231/20 S. The time of the year when the overhead sun reach the maximum distance from the equator is called Solstice. On June 21 (summer solstice) it has reached the northern limit of the tropic of cancer and will begin to move toward southern hemisphere, while on December 21 (winter solstice) it has reached its southern limit in the tropic of Capricorn. Actually, the sun does not move physically between latitude 231/20 N and 231/20 S. as the earth revolves around the sun and owing to the inclination of the earth the axis, the portion of the earth relative to the sun changes and with it the angle of degree at which rays of the sun fall on earth.

2. Change in Season 
Changes in solar energy receipts are not large during different seasons of the year in the tropics. Hence the year tends to be hot all round, with no marked cold season. This is not so in the temperate regions with a distinctive cold season during temperatures may fall below freezing point. Unlike the tropics, temperate region which has a definite cold season (winter) and a warm/hot seasons, autumn and spring, are a normal features of the climate of temperate regions. Autumn is the transition between summer and winter, while spring is the transition from winter to summer. Temperature is high in summer because the sun is high up the sky and sun’s ray strike the earth almost perpendicular. In winter, the sun is lower down in the sky and the ray of the sun have to travel through a greater stretch of the atmosphere and a lot of energy in the ray is absorbed or reflected back by the cloud or other particles in the atmosphere.

Similarly, the amount of heat received from the sun is small in early hours of the morning or in the evening, when the sun is lower in the sky. In contrast, in afternoon, when the sun is high in the sky and the sun’s ray strike the earth surface almost perpendicular, the amount of the heat energy  received from the sun is much greater than in the morning or evening. In summer as well as in the afternoon when the sun’s ray are almost  vertical, the same unit amount of energy from the sun is used in heating a smaller area than is the case in winter or early in the morning when sun’s strike the ground at low angle. It follows that as the same amount of solar energy is used in heating a smaller area in summer than the former, the former is hotter than the latter. 

3. Change in the Apparent Altitude of Mid-day Sun
As a result of the earth’s revolution, the altitude (height) of the mid-day sun changes, resulting in Equinoxes and Solstice. Changes in altitude of the midday sun are not marked throughout the year in the tropics. This is largely accounts for why the year tends to be hot throughout except in the high elevations where temperature may be considerably lowered. Even at such high elevations, temperature tends to constant or nearly so with no marked monthly departures from the annual average. This is largely explain why the production of certain temperature fruits such as apples which requires winter chilling has proved largely unsuccessful in the tropical highlands.

Changes in altitude of midday sun are marked throughout the year in temperate regions and they are partly responsible for change in temperature during different seasons of the year. As pointed out earlier, the elevation of the midday sun is high in the summer but low in winter.

1. Equinoxes
Equinoxes: this is the time when the midday sun is directly overhead at the equator. The equinoxes occur on March 21 and September 23, the equinoxes mean there is equal day and night i.e. on march 21 and September 23. During equinoxes, all places on the earth have equal day and night on these two days; there are twelve hours of daylight and twelve hours of darkness. March 21 is also called spring equinoxes while September 23 is called autumn equinoxes.

2. Solstice
Solstice: this is the time when the sun is vertically overhead at the Tropic of Cancer or at the Tropic of Capricorn. The solstice occurs on December 22 and June 21, the solstice means that the period of day and night not equal. Thus, on June 21, the sun is overhead at the Tropic of cancer resulting in June or Summer Solstice. This means that the northern hemisphere we have its longest day and shorter night. Also, on December 22, the sun is over head at the Tropic of Capricorn, resulting in December winter solstice which means that the southern hemisphere will have its longest day and shortest night. 

Hence, the tropic of cancer and the tropic of Capricorn mark the limit of the overhead sun; outside these two points, the sun is never overhead at any time of the year.
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